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ABSTRACT 


A comprehensive regional study of Upper Jurassic and 
Lower Cretaceous strata in the pivotal area of southeastern 
Alberta and north-central Montana is carried out in this 
thesis and integrated with published studies from 
surrounding areas to formalize and correlate 
lithostratigraphic units, interpret paleogeography, and 
reconstruct the geological history of the western interior 


GUrirngethisetimervintervartl. 


Marine strata of the Elltis Group make up the Middle and 
Upper Jurassic section, including predominantly caicareous 
shales of the Rierdon Formation overlain by the basal dark 
shale and upper "ribbon sand'' members of the Swift 
Formation. Lower Cretaceous continental strata are assigned 
to the Blairmore Group because of their similarity to type 
Blairmore strata of the Alberta Foothills. Within the 
Blairmore, the basal Cut Bank Formation is defined and 
correlated with the Cadomin Formation of the Foothills, 
while the Gladstone and Beaver Mines Formations are extended 


prom thewFhoothn 1) ts. 


Primarily marine Jurassic strata were deposited over 
the western interior during three major transgressive events 
occurring in the Middle and Late Jurassic. Larger areas 
were inundated by each successive transgression, resulting 


in deposition of very widespread homogeneous lithological 
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units during the Late Jurassic. The sea retreated from the 
Cratonic basin after the Oxfordian until early Albian. time. 
Limited continental aggradation took place to the south of 
the thesis area during the latest Jurassic and earliest 
Cretaceous, while the land in central and northern areas was 
deeply dissected. Collision of allochthonous terranes with 
the western.edge of the North American craton resulted 
beginning in the uplift of western source areas in the Late 
JULASS (GC, DULL Signiticant amounts of coarse clastic detritus 
were not deposited on the craton until the late Neocomian. 
Terrestrial sediments, characterized by siliceous 
lithologies, accumulated over the entire western interior 
during the Aptian. Base level rose in the earliest Aibian 
as the Boreal sea advanced, triggering extensive deposition 
of lacustrine and marginal marine facies. At about the same 
time, renewed uplift and exposure of igneous source rocks to 
the west caused a sharp influx of feldspathic sediments into 


the cratonie <and foreland basins. 
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ine INTRODUCTION 


A. Background and Goals 

Stratigraphic correlation and the interpretation of 
geologic history within the great interior basins of the 
world have always been difficult because the conventional 
methods of field geology cannot be applied to strata buried 
deep in the subsurface. Little outcrop is available for 
examination because of the small amount of structural 
displacement of strata. In the northern Great Plains of 
North America, moreover, outcrops are hidden by a thick 
mantle of unconsolidated sediments deposited by Pleistocene 
continental glaciers. 

Fortunate ly ‘for the practitioners of ‘stratigraphy in 
western North America, the hunt for petroleum during the 
past sixty years has provided abundant subsurface geological 
data. Although tse tsmiicudaita;, "geophysircal fogs, drilling 
samples and the occasional core do not provide geoiogical 
data comparable in quality to that derived from surface 
mappings ei Beis Mposs ible toy collect csuftircrentrinformation to 
reconstruct the history of the sedimentary rocks far beneath 
our feet. 

In the Plains of southern Alberta and northern Montana, 
petroleum exploration has been pursued actively since the 
early 1920's. Commercial discoveries of oil and gas have 
been made in numerous stratigraphic systems, but most 


successful plays have been completed in rocks of 
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Mtsstsstpptan, surassic, and Cretaceous age.’ \As*most of 
these plays are relatively small and isolated, however, the 
stratigraphic control points tend to occur in small dense 
clusters. Consequently, correlations between fields have 
been somewhat haphazard and often conflicting. Although 
some regional studies have been published, these all suffer 
from poor control, either because they were done more than 
30 years ago when a good distribution of welis did not 
exist, or because they encompass such large areas that it 
was not possible to incorporate a high density of control 
points. 

Kepartreularly airrieutt problem of stratigraphic 
correlation in southern Alberta and northern Montana has 
been the distinction and delineation of the Upper Jurassic 
and Lower Cretaceous Series. Severe erosion and channelling 
occurred between the Mississippian and Middle Jurassic and 
again between the mid-Late Jurassic and mid-Early 
Cretaceous. In addition, the Lower Cretaceous rocks are of 
nonmarine origin; they are, therefore, highly variable in 
lithology and difficult to correlate over significant 
distances. 

This problem is not restricted to western North 
America. Arkell (1933, 1956) documented the Jurassic System 
of Great’ Britain and=other* parts of the world, noting inthe 
Upper Jurassic of*many "areas the” lack*or easily-Ccorrelated 
marine fauna such as ammonites. Allen (1955) emphasized the 
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nonmarine strata outside the English Basin with the 
classical Neocomian (basal Cretaceous) English Weald 
section. More recent works, such as the papers in the 
Boreal Lower Cretaceous volume edited by Casey and 
Rawson (1972) and the discussions of Arkell (1956) and 
Hallam (1975), show that faunal provincialism complicates 
world-wide correlation of the Upper Jurassic and Lower 
Cretaceous Series. Palynological and micropaleontological 
knowledge is now sufficiently advanced, however, to be of 
use in correlation of nonmarine sedimentary rocks near the 
Jurassic - Cretaceous boundary, but the systematic 
application of this knowledge is only in its early stages. 
The major objective of this thesis to describe and 
correlate Upper Jurassic and Lower Cretaceous strata in the 
Plains of southern Alberta and north-central Montana, and to 
extend these correlations and interpretations to include 
contemporaneous strata over much of the western interior of 
North America. The available well control is now sufficient 
to map these strata accurately and to produce a detailed 
reconstruction of geologic events leading to their 


deposition. 


B. Objectives 

In order to attain the overall objective set out above, 
the author defined a’ number of more specific objectives. 
Gaede tines |) thostpatigrapnic units anc spnek ether 


boundaries in each well. This is done by considering 
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previously-defined formations, and using core data, 
sample data, and geophysicai logs. 

Construct a grid of intersecting west-east and 
nerth=xsouth crossssections .in conjunctionuwith ob ject ive 
GL) o saThits “grid akdsiJinscorretating formation boundaries 
and in illustrating the behaviour of the 
lithostratigraphic units over the area. 

Map the thickness and structural configuration of the 
UREES: 

Determine depositional environments and facies 
Rehatitanships son ithe basis of *patterins -of -lithologic 
variations and paleontological paleoenvironmental data. 
Make age determinations and clarify facies relationships 
using paleontological data. 

Interpret the major depositional and erosionai controls 
on the distribution of each formation by combining the 
nesu ltts cof sob jeotives.-@3)/ 4 (G4), eand (5). 

Integrate the resultant stratigraphic scheme with those 
from surrounding areas to make regional correlations. 
Reconstruct the geological history by compiling and 
interpreting the data from objective (7). 

Briefly investigate the economic significance of this 
work by applying the results to hydrocarbon exploration 


strategies. 
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CS Area Oty Study 

The area examined occupies the southeastern corner of 
the Province of Alberta,,and a.contiguous area to. the south 
ing the, State of ‘Montana: (Fig. “1).. lt is bounded on the east 
by the Fourth Meridian of the Dominion Land Survey (Long. 
110° W) in Canada, which is the eastern border of Alberta. 
This boundary continues directly south into Montana, where 
it runs within Range 13-East of the Principal Meridian of 
that state (all range designations in Montana are referred 
to the Principal Meridian). The western boundary is the 
western edge of Range 20 West of the Fourth Meridian in 
Alberta (112° hO'W), which corresponds to Range 8 West in 
Montana. The northern boundary is the northern edge of 
Township 15 in Alberta (Lat. 50° 19'N), and the southern 
boundary runs along the southern edge of Township 30 North 
of the Montana Base Line in Montana (48° 18'N - all township 
designations in Montana are referred to the Montana Base 
Line). The total area encompassed is approximately 460 
townships, which is 16,560 square miles (44 650 square 
kilometres). 

A number of factors governed the choice of the 
boundaries detailed above. As distussed in the next 
section, abundant data are available from the numerous oi] 
and gas fields. Because the area straddles the 
international border, direct comparison of American and 
Canadian stratigraphic nomenclature can be made. Similarly, 


the different stratigraphic schemes east and west of the 
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Cities shown here are abbreviated in following figures. Locations 
mentioned in text: 1. Swift Reservoir; 2. Rierdon Gulch; 
3. Blairmore; 4. Gladstone Creek; 5. Swift Current; 6. Fernie 
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Fig. 2. Physiography, drdinage, and major towns, southeastern 
Alberta and north—central Montana. 
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Sweetgrass Arch can be related. Panay se ene pamMOnoOU t) +O 
JOrassicustrata in the morthern part of the study area. is 
useful in the interpretation of the nature of pre-Cretaceous 
erosion. 

This part-of. the Great  Phains ‘is ca relatively 
featureless prairie, interrupted by only a few bedrock 
features such as _ the Sweetgrass Hills and the Cypress Hills 
hike 32). Pleistocene glaciations were the dominant force 
in the shaping of the present-day surface; glacial spillways 
and other channels, many presently occupied by streams, 
provide the only other significant relief. Modern-day 
drainage in the southern half of the area is through the 
Milk River system, which empties into the 
Missouri-~Mississippi system and eventually to the Gulf of 
Mexico. To the north, the Oldman River merges with the Bow 
to form the South Saskatche ian, which drains into Hudson 


Bay. 


D. ~Data Collection and Utinizat ion 

Several varieties of subsurface data were employed in 
order to gain maximum stratigraphic control. Table 1 and 
Fig... 3 summarize the ‘amount, type, ands distribution -of data 
points. 

Overall, 535 control points were Used, a contro! 
density of 1.16 points per township, or: about one point 
every 31] square miles. -This density is far greater than 


that used in previous published studies, and is sufficient 
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Fig. 3. Location map, well control, and cross-sections. Circles 
indicate wells with cores, triangles wells with sample control, 
and crosses wells with geophysical logs only. 
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to map stratigraphy accurately while maintaining a 
manageable quantity of data. Care was taken to use an even 
distribution of control points by selecting one well with 
high-quality geophysical logs, sufficiently deep 
penetration, and drill cores (where possible) from each 
township. In some areas, however, most notably the extreme 
northeast and southeast, there are simply no wells which 
penetrate Lower Cretaceous or Upper Jurassic strata. 

Phe qualrty of “data from Alberta is much superior ‘to 
that from Montana (Table 1), despite a longer history of 
petroleum exploration in Montana. Long-standing provincial 
legislation in Alberta ensures the submission of all well 
Gata; -inmectTuding- dri trv-ecores “and drilling samp les ; "to “the 
Energy Resources Conservation Board, which then allows 
public access to these data. In Montana, similar 
legislation *nowvexists., but ft %rsonct so -well “enforced; 
consequently, many data have been lost or are otherwise not 
available. 

Nearly all the available drill cores taken from the 


strata of interest were examined; only some closely-spaced 


cores from Alberta oil fields were not included. Combined 
with geophysical well logs, cores provide the highest 
quality data, as lithologies and sedimentary structures can 


be determined accurately. Where core was not available, 
drilling samples, published logs of drilling samples (by 
Canadian Stratigraphic Service Ltd. and American 


Stratigraphic Company), "and/or geophysical logs were used. 
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Examination of drilling samples and sample logs, however, 
was found to be of little value because of their poor 
quality, which can be attributed partly to abundant caved 
material from the overlying Colorado Group shales. Rapid 
drilling through the Cretaceous and Jurassic, as the 
drilling objective is often Mississippian strata where the 
complete interval is penetrated, also detracted from sample 
quality. Fortunately, complete suites of geophysical logs 
were available for both Alberta and Montana. Electrical 
logs provided most of the data; these were supplemented by 
gamma, sonic and density logs where available. 

In addition to the subsurface well! data described 
above, one outcrop section was examined. Most completely 
described by Sanderson (1931) and Russell and Landes (1940), 
the section is exposed on the banks of Sage Creek, which 
flows off East Butte in the Sweetgrass Hills (Section 8, 
Township 36N, Range 5E) (Fig. 2). Mississippian and younger 
strata are brought to the surface here on the flanks of the 
Tertiary intrusive masses making up the Sweetgrass Hills 
(Chapter 3). Several other sections outside the study area 
were of value in the correlation of subsurface stratigraphy 
with previously-described stratigraphic units. These 
include several outcrops in the Great Falls area, discussed 
in detail by Walker (1974), the section at Swift Reservoir, 
Montana (Township 28N, Range 10W) (Fig. 1), described by 
Cobban (1945), and a number of sections in the eastern Big 


Horn Basin of northern Wyoming (Fig. 5a). 
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From samples collected from cores and outcrop sections, 
approximately 300 thin sections were made. Each was 
examined and described petrographically according to the 
classification scheme of Chen (1968) (Fig. 4). This scheme 
was chosen because it best distinguishes sandstones composed 
primarily of quartz and chert, as were most of those 
examined in this study. 

Approximately 300 samples were taken for the purpose of 
palynological and micropaleontological analysis. Other 
workers processed and examined the samples and interpreted 
the floral and faunal assemblages in terms of environment of 
deposition and age (see Appendix A). Their interpretations 
were sometimes at variance, largely because of poor 
preservation or ambiguous nature of the assemblages. The 
results were useful, however, as a tool of stratigraphic 
correlation and in interpreting environmental conditions. 

Published descrhipt1ons of “individualivoikl) sand gas 
fields, along with regional compilations incorporating 
regional cross-sections and/or interpretative well logs were 
instrumental in providing a base upon which to construct a 
geclogical ‘synthesis, from the collected ‘data. It must be 
emphasized, however, that almost all published studies 
surhen greathy  -rom a tack, of consideration oT sufficient 
core and outcrop data, as lithological ‘variations are rather 
subtle and continuous marker horizons are scarce. 
Geophysical logs alone therefore do not provide sufficient 


information for unambiguous correlation across large 
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Cafter Ghen, kO68). 0 = quartz; F = feldspar: 
kK =“Rock iragments. 
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Contour maps were prepared by the SURFACE || Graphics 
System, available on the Amdahl computer system at the 
University of Alberta. These maps are not as interpretive 
as they would be if drawn by hand, because the mapping 
program tends to average and smooth out small-scale features 
such as small stream channels. They are adequate, however, 
for ‘illustrating regional stratigraphy. 

All measurements are reported in Imperial units, as the 
well locations are surveyed in miles and feet, and all but 


the most recent cores from Alberta are measured in feet. 
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PIe eePREV-LOUS. WORK 


A. Stratigraphy 

Much literature has been published on various aspects 
of the Upper Jurassic and Lower Cretaceous of this area, and 
nUMeEnOUS private industry reports also -extsit. - Most of thi's 
work, however, is limited to individual fields or smal] 
areas; only a few papers make significant contributions to 
our knowledge of the general stratigraphy. These important 
steps toward the development of the present stratigraphic 
framework are summarized here (Table 2). The history and 
designation of individual lithostratigraphic units will be 
discussed in Chapter 4. 

G.M. Dawson (1886) published the first comprehensive 
investigation of Jurassic and Cretaceous rocks in the 
western interior. He established some Mesozoic nomenclature 
and described strata cropping out in the southern Canadian 
Rocky Mountains and Foothills. Sir J.W. Dawson (1885) and 
G.M. Dawson (1885) discussed the Mesozoic fossil floras of 
the area, and proposed the name ''Kootanie" for a Lower 
Cretaceous rock unit underlying the Dakota Formation, which 
had been correlated northward from the United States. 

Leach (1914) first used the name "Blairmore" to designate 
the section of Lower Cretaceous strata previously assigned 
to the Dakota. He clearly distinguished it from the 
underlying Kootenay Formation (revised Canadian spelling of 


the: Dawsons.’ Kootanve)).using Al ithologicalacriteria. 
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Rose (1916) followed Leach's correlations, but moved the 
cherty conglomerate now called the Cadomin Formation from 
the top of the Kootenay to the base of the Blairmore, 
calling it the 'Blairmore conglomerate’. The Blairmore - 
Kootenay nomenclature was generally accepted by other 
workers in Canada after 1915. MacKay (1929) named and 
described the Cadomin Formation from exposures along the 
Rocky Mountain Foothills west of Edmonton. Although he did 
not designate a type section, he described the formation in 
detail and noted that it could be mapped for at least 7O km. 
along strike. MacKay also tentatively correlated the 
Cadomin with the Blairmore conglomerate of the southern 
Rockies, although neither unit had been traced along the 
mountain front between the Saskatchewan and Bow Rivers. 

Weed (1892) first noted the presence of Lower 
Cretaceous rocks_in the northern Plains. He extended the 
use of the name "Kootanie'" to strata cropping out near Great 
Falls, Montana, based on a comparison of the flora with that 
described by the Dawsons, and on the general similarity of 
the coal and sandstone units present in each area. In 1899, 
Weed also recognized strata of probable Jurassic age in a 
nearby area. 

Fisher (1907, 1909) recognized three major rock units 
of interest in the Great Falls coal field. He extended the 
Nikddile totlpper Jurassic Elilits Format bon; sconsist ting cmost liy 
of marine shales and limestones, from southern Montana to 


the lowest unit. About 100 feet of strata were assigned to 
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the Morrison’ Formation of probable Jurassic”’age, based on 
lithological similarities with the well-known Morrison of 
Colorado. Above this, he assigned a 475-foot section of 
continental sedimentary rocks to the "Kootenai" Formation of 
Early Cretaceous age, remarking on the presence of abundant 
coal in the lower member. lt was obviously his intention to 
correlate the Kootenai both lithologically and on the basis 
of floral content with the Kootanie of the Dawsons. In 
19085 "Fisher extended his units over large areas ito (the 
south. Stebinger (1916) recognized Fisher's Kootenai in the 
north-central part of Montana, but he discussed the Jurassic 
ontywbrief ly; notaumentioning sthesElTis for Morr ison 
Formations. In 1918, Stebinger also described the Kootenai 
and Ellis in northwestern Montana, but could not recognize 
tEheeMorrison in this area. 

McLearn and Hume (1927) criticized the correlation of 
the Kootenai of Fisher and his followers, noting that it 
corresponded to the Kootenay plus at least a part of the 
Blairmore Formation. Cobban (1945) formally extended the 
Morrison to include the basal coal-bearing member of 
Fisher's Kootenai, and proposed a substantial unconformity 
containing the Jurassic - Cretaceous boundary at the new 
base of the Kootenai, therefore correlating the Kootenai 
with the Mannville and Blairmore Formations of Alberta. 
Walker (1974) reaffirmed these correlations, and discussed 
in detail the deposition of the Morrison and Kootenai in the 


Great Falls area. Because of the unusual history and 
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changing definition of the Kootenai, no formal type section 
was ever established. 

In the “southern ‘Plains of “Alberta, Dowling (1917), 
Dowling et al. (1919), and McLearn (1932, 1945) made brief 
mention of the Lower Cretaceous, referring to the 
"varicoloured beds". Russell and Landes (1940) published 
the first comprehensive Canadian study, in which they picked 
the top of the Lower Cretaceous at the top of a sequence of 
red and green shales which they correlated with the 
Blairmore Formation. McLearn (1945) and Russell and 
Landes (1940) realized that the coal-bearing Kootenay 
Formation, «of Late Jurassic and possibly earliest Cretaceous 
age, does not extend under the Plains. Glaister (1959) 
defined the Lower Cretaceous Mannville Group in southern 
Ailberta, correlating it with the Mannville Group of central 
Alberta, the lower two-thirds of the Blairmore Group of the 
Foothills, and the Kootenai formation of Montana. He also 
informally defined the upper and lower Mannville formations 
and discussed a number of informal members in the present 
study area. 

byethe southern Canadian \rooth 1 i's, "Glarster divided 
the Blairmore Group into upper and lower formations. Mellon 
and Wall (1963), using lithological and paleontological 
criteria, designated three informal units of formation 
status: the lower, middle, and upper Blairmore. 

Norris (1964) proposed a principal reference section 


(hypostratotype) of the Blairmore Group, and divided it into 
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five units: the Cadomin Formation, the .lower Blairmore, 
calcareous member, middie Blairmore, and upper Blairmore. 
Finally, Mellon (1967) gave the Blairmore Group formal 
lithostratigraphic status, naming and designating type 
sections for three constituent formations: Gladstone (lower 
Blairmore of Mellon and Wall (1963)), Beaver Mines (middle), 
and Mill Creek (upper). McLean (1977) objected to Mellon's 
designation of the Cadomin as the basal member of the 
Gladstone; instead, he proposed that the Cadomin retain 
formation status, and that -the,.Gladstone be redefined to 
comprise the strata between the Cadomin and Beaver Mines 
Formations. 

Eldridge (1896) first described and named the Upper 
Jurassic Morrison Formation from outcrops in the-vicinity of 
Morrison, Colorado. The formal type section, established by 
Waldschmidt and Leroy (1944), is comsosed of continental 
sediments much like those of the Kootenai and ARN canes 
Numerous papers concerning the Morrison have since been 
published because of its content of economic deposits of 
uranium and coal. Walker (1974) summarized the nature and 
distmibutionszof theiMorrison sin cthe -western United States. 

Marine Middle and Upper Jurassic strata of northern 
Montana were defined and discussed by Cobban (1945), who 
elevated the Ellis Formation to group status and subdivided 
it:into the Sawtooth, Rierdon, and Swift Formations. 

Weir (1949) extended Cobban's nomenclature into southern 


Alberta, and outlined the northern erosional edge of the 
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Jurassic System. Few other papers have dealt with the Ellis 
Group in@=detail; but sErebotd (1953) > °Carlson (1968), and 
Peterson (1966) provide some of the major contributions 
toward the correlation of the Ellis with strata of 
surrounding areas. 

Other major stratigraphic papers are primarily 
syntheses of earlier work, or are concerned with adjoining 
areas. These works include: Imlay (1952a, ¢), Cobban and 
Reeside (1952), Peterson (1957a, 1972), Rudkin (1964), 
Springer etcalse'Ci964)y°McGookey et al. °( 1972), “Stelek 
et al. (1972), and Herbaly (1974). 

Bs Paleontology 

Supporting the major stratigraphic works summarized 
above are numerous important contributions to Jurassic - 
Cretaceous paleontology of the western interior. Details 
regarding age dating of individual stratigraphic units wil] 
be discussed later. 

Fossil Floras 

Sir J.W. Dawson (1885) presented the earliest relevant 
paleontological work on the Mesozoic floras of the southern 
Canadian Rockies. As previously discussed, he described 
these floras briefly and assigned an earliest Cretaceous 
(sub-Dakota) age to the Kootanie unit. Little detailed 
paleontological work was published in the following 60 
years, although Weed (1892), Fisher (1908), and Rose (1916) 


stated that fossil plants were used to support their 
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Stratigraphicrcorretations® 

Brown €1946) discussed? floras) near the: Jurassici- 
Cretaceous boundary in Montana and Alberta, assigning a Late 
Jurassic age to the Morrison and an Early Cretaceous age to 
the Kootenai and lower Blairmore. He thus provided 
additional evidence for Cobban's proposal of a marked 
Jurassic - Cretaceous unconformity in-the northern Plains. 
Bell (1956) published the most complete and detailed 
description of floras of Lower Cretaceous strata in the 
Canadian Rockies and Foothills. In this work, he emphasized 
the difficulty of accurate dating because of generally poor 
and long-ranging floras; however, he was able to assign a 
Portlandian to Barremian age to the Kootenay Formation, and 
an Aptian - Albian range to the Biairmore. In the Plains of 
east-central Alberta, Singh (1964) described the microfloras 
of the Mannville Group. By tracing the evolutionary 
succession and by careful comparison with European 
microfloras, he concluded that Lower Mannville deposition 
spanned late Barremian (or later) to early Albian time, and 
that the Upper Mannville was laid down during early to 
middle Albian time. 

Several significant palynological contributions were 
mademby es AnJee@Pacock (1962, 1964, “1970-1972, 197.6:).. 
Pocock (1962) reviewed previous work regarding dating of 
strata near the Jurassic - Cretaceous boundary in the 
western Canadian Plains, and graphically analyzed 


microfloral occurrences in several Upper Jurassic and Lower 
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Cretaceous “stratigraphic vunrts ; Peeack C1970) = 197 2) 
exhaustively studied the palynology of Jurassic sediments 
across western Canada, and used his results to make detailed 
paleogeographical interpretations for a number of intervals 
during the Jurassic Period. Although these studies are a 
valuable contribution, the present author has noted some 
inconsistencies~in the correlation of strata from which 
samples were taken, which will be discussed in Chapter V. 
In 1976, Pocock set forth a preliminary dinoflagellate 
zonation of the uppermost Jurassic and part of the Lower 
Cretaceous in the Canadian Arctic, with suggestions for 
correlations with the Western Canada Basin. Sigrtircantly, 
he assigned post-Neocomian ages to Lower Cretaceous strata 
of southern Alberta, in agreement with age determinations 
made by Singh (1964). Previously, Pocock (1962, 1970) had 
postulated a Neocomian age for these sediments. 
Fossil Faunas 

Published work on faunas did not appear until long 
aiter.*the “first “investigations -of fossil ‘floras. '-Fyirs “can 
be'-a'ttributed >in part "to the "fact @that fossil ferous ‘mar ine 
rocks are much less abundant and generally not as wel] 
exposed in this area, and were not studied in detail until] 
theemid=20th ‘century: 

Loeblich and Tappan (1950a, b) described numerous 
species of foraminifera from the type section of the 
Sundance Formation of South Dakota, and compared this fauna 
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to the southeast of the present study area. In a like 
manner, Swain and Peterson (1951, 1952) catalogued the 
ostracod fauna of the type Redwater Shale Member of the 
Sundance Formation and compared it with other Oxfordian 
mrecrofaunas, includingsthat of uthe Swift. Formation -i-n 
central Montana. Peterson (1954) continued this work by 
examining and comparing Lower Sundance and Rierdon 
ostracods. He found that a major microfaunal break exists 
between the Swift and Rierdon, and that western interior 
microfaunas of the Upper Jurassic are completely dissimilar 
toeGcgte Coast microfaunas, 7thus suggesting a physi.cal 
barrier between the two areas at that time. Loranger (1955) 
discussed the paleogeography of Jurassic microfossil zones 
in the Western Canada Basin, and provided a reference list 
of supporting paleontological investigations of more limited 
scope. 

The megafaunas of the marine Middle to Upper Jurassic 
Ellis Group of Montana were described by Cobban 
et al. (1945) and Cobban (1945). Imlay (1947) surveyed the 
faunas of this age over the entire western interior of the 
United States, correlating the observed ammonite zones with 
the standard European zonation. In 1957, he used the fossil 
data tolaidsatnnthespatececologicahvreconstruct tonvot 
Jurassic seas in the western interior. 

Some papers published on the Jurassic paleontology of 
surrounding areas are of interest to this investigation. 


Frebold (1957) and Frebold et al. (1959) are the most 
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comprehensive papers on the Jurassic megafaunas of western 
Canada. Brooke and Braun (1972), building on the earlier 
work of Wall (1960), described in detail the microfaunas of 
the Jurassic System of Saskatchewan and north-central 
Montana east of the present study area. Abundant 
paleontological literature concerning “the Upper Jurassic 
Morrison Formation exists, but it is primarily concerned 
with megafauna, most notably dinosaur remains. Such faunas 
are-of littie significance in a subsurface study such as 
this, as it is extremely unlikely that identifiable 
fragments could be recovered. 

The Lower Cretaceous of the study area is largely 
barren because of its nonmarine origins. Only the "Ostracod 
zone" or "Calcareous'" member has yielded significant 
microfaunal assemblages. Loranger (1951) described these 
faunas and Glaister (1959) correlated and discussed the 
significance of the fossil zone across Alberta and northern 
Montana. In central Alberta, Nauss (1947) described the 
foraminifera and ostracods of Cretaceous strata slightly 
younger than the "Calcareous'' member. Caldwell] 
et. al (1978), in setting up a foraminiferal zonal scheme 
for the Cretaceous of the interior Plains, however, were 
unable to extend their Lower Cretaceous zones into the 


Mannville group of the southern Plains. 
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The saesition.of major structural entities: and the history of 
movement of these features are important governing factors 
in the deposition of sediments. In southeastern Alberta and 
nee th-centra)l Montana, the ‘dominant structure isthe 
Sweetgrass Arch, which has lain at the western edge of the 
stable North American craton throughout much of Phanerozoic 
time. To the east, strata descend into the Williston Basin; 
to the west, into the Alberta Syncline or its southern 
equivalents (Fig. Sa}. (The Sweetgrass Arch and Williston 
Basin, being large-scale cratoni¢c structures, were fairly 
stable during the Phanerozoic; consequently, littie 
structural deformation of the sedimentary rocks deposited 
over them has occurred. Minor folding and normal faulting 
are found in the Alberta Synecline, but no majorsstructural 
deformation is encountered east of the Rocky Mountain fold 
and. thruse& belt. ihe fold and thrust belt (lies .considerab:ly 
to the west of the Alberta portion of the study area, but it 
is very close to the southwestern corner of the area in 
Montana. 

These three major structural features - the Sweetgrass 
Arch, sWallistontBasin,gana Alberta Synelhine.— and: some ot 
the more important minor structures are discussed in more 


detail below. 
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FIGURE 5a 
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A. Sweetgrass Arch 

The first detailed investigation of the Sweetgrass Arch 
was published by Romine (1929), who recognized the en 
echelon northwest-trending Kevin - Sunburst Dome and South 
Arch as components of the Sweetgrass Arch (Fig. 5b). 
Michener (1934) considered the arch to be a single large 
fold, the axis of which trended northwest from central 
Montana into southern Alberta, there shifting to the 
northeast and losing its identity north of Medicine Hat. 
Tovell (1958) concluded that the arch is indeed a composite 
feature (Fig. 5b). He traced generally | 
northwesterly-plunging fold axes to a culmination in 
northern Montana, which is the Kevin - Sunburst Dome. To 
the south, paralleling the axis of the Kevin - Sunburst Dome 
and the edge of the Cordilleran Orogen is the South Arch. 
Tovell considered the northeasterly-trending portion of the 
Sweetgrass Arch to be a separate northeasterly-plunging 
anticline, which he named the Bow Island Arch. Instead of 
simply dying out, as suggested by Tovell, the Bow Island 
Arch was shown by Herbaly (1974) to pass through the 
Suffield Saddle; to the north, the trend is continued by the 
southwesterly - plunging North Battleford Arch (Fig. 5b). 

The Sweetgrass Arch is thus composed of three major 
substructures. Both Tovell (1958) and Herbaly (1974) 
emphasized that the designation of a single arch is a matter 
of convenience only, and that a single origin cannot be 


ascribed to the entire structure. The position of the 


> 


dag ety. iy haha iat va st oy uae . ie wt Anan 

ae i #1 * pan o le gigs yee uh tse Girl 1b 

1 eigen x yaa a t one bay Tg bole anu oe 

pet ae, an} ths si’ ah jp ame wh of ap iibot Bia, 
; } ; phe 

A) abit We in shawnee ss i: niet tH Se caasii-~ 


ths Ree ae le ie ‘f to. Welt faites i; vb le at viaduhau 


hae Pers rt hii ted purrs i ae 4! Lea t ad} ay baal seme 


en ac ta a if a i oo Nae 


gt: ae ae ht ie MG re in 1 4 ie # an r si 
eee oe a te ae wa 190 shee fae 
Peay cone <e ne en 
aR Las Oe ha 4 — ty, Mi bi i‘ ae ral rf b" 


Abe wa oe 7 i Lani F sal J eae 
WedO A ihe. ee | . Me 


A 4 a ht sain f iG ee ae ow | ota 1) 
f i ee Le 3 y : he * iy % i ‘aida ’ WW “ote a wn cae * lad vid 4, 


y i vu : , " vei "1 MP ae ens i a ae 5 a sh : Lee, 


Wu 


ie att, v4 | wer” yy adlintiared. 


i iging a Gang Nha care Le Bea 


ae 4 
< 


Ly hy, ve ee by veh ae Uiaicie His sabi enna EA 


a i 


3 


rer ibe “eo” ‘ni, ‘hates wel: toh saa 


4 


aia b "5 
Lat f rae 


rt 


a 
Rtasiwihs veg 9 ea ash tie an 


i i ; if 


wif 


Ni i 


ba = or Ae > nlamdaaglte wih Waa ened navies . 


Fh) | at arma 1 et 


mi ¥ : ; , ae ‘ i Te ae ' a 
8 an ee hv 
é : ; “1 : i ee a] 


50): 


Figure 5b 
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uplift as a whole can be related to its situation between 
two primary basins - the Williston Basin to ihe east and the 
West Alberta Basin (a Precambrian basement feature 
coincident in part with the Alberta Syncline) to the west 
CStelek, 1975). The dynamics of basin subsidence have 
caused the arch area to remain relatively high, as 
compressional forces resulting from shortening of the 
basinal basement limit the diameter of a single basin to 
about 500 km. (Dallmus, 1958). 

Some relative uplift along the present Sweetgrass Arch 
must therefore have occurred as long ago as the time of 
TOrMation of the Williston Basin, as a result of the 
geometric constraints mentioned above. Burwash (1963) 
proposed that north - south lines of weakness, formed during 
the Precambrian Kenoran Orogeny, may have governed the 
precise location of the main part of the arch. 

Stelck (1975) noted the erosion of Upper Ordovician 
carbonates over the ancestral Sweetgrass Arch, inferring the 
presence of a paleotopographic high as old as Early 
Silurian. Erosional thinning of Jurassic and Mississippian 
Strata over the arch and facies patterns in Middle Jurassic 
strata (Peterson, 1972) provide definite evidence of some 
Uplift pefore and: during the Jurassic. and ibarly Cretaceous . 
A regional southward axial plunge, opposite to the present 
trend, must have been present, as shown by the erosional 
EVEN NOL anGkthuUncatnonmor Strata to The north (Alpha, 1958; 


McMannis, 1965; Herbaly, 1974). Bokman (1963) associated 
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this southerly plunge with general uplift of the Plains 
which terminated the deposition of Mississippian carbonates. 
Major reactivation of the Sweetgrass Arch occurred 
during the Late Cretaceous and early Tertiary Laramide 
Orogeny (Tovell, 1958). Compressional forces which formed 
the thrust-sheet: structure of the Rocky Mountains also acted 
on the craton margin, elevating the Kevin - Sunburst Dome 
along an axis parallel to the mountain front. As the 
Greatest uplift occurred at compressional foci in, the 
southern part of the area, a northward plunge of the axis of 
the Sweetgrass Arch resulted, opposite to the previous 
plunge. Where the magnitude of the northerly plunge became 
equal to the previous southerly plunge, the Suffield Saddle 
was formed. To the north of this, the original southward 
plunge is still expressed in the North Battleford Arch. 
Regional stratigraphic correlation shows that the 
ancestral Sweetgrass Arch greatly influenced sedimentation 
patterns during the Jurassic and Cretaceous. The 
stratigraphy also shows, however, that the ancestral arch 
was not exactly coincident with the post~Laramide arch, a 
fact which must be considered when comparing stratigraphic 


patterns with the present configuration of the arch. 


B. Williston Basin 
The Williston Basin, one of the major structures of 
central North America. is .a stable intracratonic basin in 


which Phanerozoic sediments have accumulated to a total 


ae iid Minerso> tate 


yp as 


‘HAL 5 


yaa ait Pike sn Niall Aon a 


KOM 


oy 


iv- 


ee 
co Oem Hi. J ri a ‘ 1 wha: wa, 
Lehrer, dens 4 


hacen Hal oS sanied stoncesn cael th 


en Bi wad) ai Leauge 


ee " Wm ; cs any re 

a | Cal 9 ai aaa yan 
oh Oe way bie inde 
Thao Pe " a fanete i . 
Ly. ri BAY bis ” ne bie j J viding 
be eons why) 


— = 


A) a Ba: sha + ase ae el 


Was 


tries sents ily oe 


ig Ub . ont 


Matick ‘ot sieges | ‘agcboeny, “a8 


» nel cap «heed gat ay) 


at 
* 


as, hae: Wpastnnyaamnge 


Set at ef 


fe 


Reh ae 


Cm. et i " | | en § ‘ is 
4 Sage anne eto « thon dota 


} ff I 
cary j 


ey a f 1 ee ee ie ; ue fs 
ees clad, 9) RE ier foie Ms io ee 
PUAN Mey > | Tat ae fe eae rd ey eer 
Tat ne bin, A + haat i ie 

tt ae 1 ay : fy Mites he os F ‘ 


Ls 7 
Ke Py 


‘een Ye Pie 
me vite , ie ee om anja, nue Ln at i 


aw 


ji 


ont att 


ts 7 


baad a rm wena o 


ran Ye Ps a) 


of, f 


widen toes oe . 


; eo 


Bie) 


thickness of 3500 metres in southeastern Saskatchewan, and 
up to 5500 metres at the basin centre in western North 
Dakota (Kent and Simpson, 1973). To the north and 
northwest, the Basin grades into the broad Alberta Shelf 
Chirg woe)’  Asdefinedeby Datimus- (1958), Jit. jis a primary 
dynamic basin, formed as a concentric downbend of the 
earth “s-crust. 

Few major departures from the large-scale basinal form 
exist in the Williston Basin. Solution of the Devonian 
Prairie Salt evaporites is responsible for widespread 
collapse structures, some of which are important petroleum 
Eraps. Intrabasinal arches, such as the Swift Current 
Platform (Stelck, 1975), formed in response to compressional 
stresses associated with the active subsidence of the basin, 
appear to be locally significant in the migration and 
accumulation of petroleum (Christopher, 1974). 

Strata dip markedly off the eastern flank of the 
Sweetgrass Arch (Fig. 5c), although the study area does not 
extend! to ithe Will histont Basin proper.) At the culmination of 
the Kevin - Sunburst Dome, the top of the Jurassic System 
occurs at 800 metres above sea level, whereas at the 
Saskatchewan border, this horizon is found as much as 200 


metres below sea level. 
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Gi. Alberta Syncline 

Unlike the Sweetgrass Arch and Williston Basin, the 
Alberta Syncline-is a relatively young structure, dating 
back only to the Late Cretaceous to Early Tertiary Laramide 
Orogeny. The eastern, west-dipping limb of the syncline is 
an expression of the dip of the Precambrian basement and the 
overlying Phanerozoic strata off the edge of the ancient 
€raton (Price, et al., 19681). To the west, Cretaceous 
Strata, “structuratiy thickened by’ folding and’ thrusting, 
form the western, east-dipping limb, which is developed on 
top or undeformed Paveozore strata that continue to dip “wesit 
Wlthout™interruptron’ (Price, "etal: ,) 1961)o AT] \the®strata 
discussed here were deposited long before the western limb 
of the syncline was formed, and the study area includes only 
part of the eastern, undeformed limb. 

Structural dip off the Sweetgrass Arch toward the 
Alberta Syncline is even more marked than toward the 
Williston "Basin  CPige Sc). “The topror the Jurassic System 
lies as deep as 350 metres below sea level at the western 


boundary of the study area, as compared to 800 metres above 


sea level at the culmination of the Kevin - Sunburst Dome. 


PS eenrnor Struc cules 

Numerous smaller structures are present in southern 
Alberta and northern Montana. None of these apparently 
existed during the Jurassic and Early Cretaceous, but they 


Nave been “of ‘critiheal importance in petroleum occurrence. 
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Tovell's (1958) analysis of the Sweetgrass Arch showed 
that numerous\smaltl folds radiate from’ the Kevin - Sunburst 
culmination. Russell and Landes (1940) discussed many of 
these structures and their importance in petroleum 
entrapment. Relatively few data were available at the time 
Sfethere report; so Ghat Te iksenow poss ible"to construct “a 
much more detailed structural analysis with present wel] 
control. 

A closely-spaced group of Tertiary intrusive masses 
called the Sweetgrass Hills crop out in the east-central 
part of the study area, south of the international border 
(Fig. 5b,c). Their origin can be linked to the increased 
cross-sectional curvature of the Sweetgrass Arch resulting 
from Laramide compressive forces uplifting the Kevin - 
Sunburst Dome. Dallmus (1958) showed that the crust would 
crack to a depth sufficient to allow magma to rise along 
fractures sit paecenla inecrlticaieie Les Otmchange Of. (dip -~across 
a basin margin was exceeded, which presumably occurred along 
the axi's roof “the Kevine— Sunburst -Deme. 

The importance of the Sweetgrass Hills in the context 
of (this study is thet they have +ocaldy brought 
Mississippian and younger strata to the surface, as 
discussed in GChapten |... Kemp and Bidttingstbey (1921) 
outlined the general geology of the Sweetgrass Hills, and 
Meldahl and Rice (1966) published a road log for the area. 

Capped by the resistant conglomerate of the Cypress 


Hills Formation, the Cypress Hills rise 700 metres above the 
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Plains in southeastern Alberta and southwestern Saskatchewan 
(Ege 65D). Furnival (1946) described them as anticlinal 
structures formed by compressive forces associated with the 
Laramide Orogeny. Russell and Landes (1940) postulated 
large-scale slumping as the mechanism to explain structural 
displacement observed in outcrop, but they had insufficient 
subsurface data to appreciate the amount of local 
deformation of deeper strata. Present well control shows 
that faulting of various types displaces Cretaceous, 


turpassic; and Mississippian strata in the “area. 
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IV. REGIONAL LITHOSTRATIGRAPHY 


The lithostratiggaphicascheme’ arising from this study is 
summarized in Fig. 6. Detailed analysis was limited to 
strata from the.-Upper Jurassic Rverdon Formation through to 
the Lower Cretaceous Gladstone Formation; the underlying 
Middle Jurassic Sawtooth and Shaunavon Formations are 
briefly discussed only to clarify the Rierdon paleogeology 
and paleogeography. Similarly, characteristics of the 
overlying Lower Cretaceous Beaver Mines Formation are 
summarized to elucidate the top boundary of the Gladstone. 
Sedimentary structures described in this chapter are 
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A. Middle Jurassic Paleogeology 

Commencement of marine sedimentation in the Middle and 
Late Jurassic marked the end of an extremely long period of 
erosion and the burial of a major unconformity in western 
North America. Jurassic deposits overlap progressively 
older formations from southwest (Permian and Pennsylvanian 
in southern and central Montana) to northeast (Devonian in 
Saskatchewan) (Peterson, 1972; Spri@ger et al., 1964). This 
pattern: can be attributed to the previously-discussed 
southerly tilting of the Sweetgrass Arch area at some time 
between the Middle Mississippian and Middle Jurassic. In 
southern Alberta and north-central Montana, the pre-Jurassic 


subcrop consists entirely of Mississippian strata, 
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Fig. 6. Lithostratigraphic correlation chart, 
study area. 
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represented by the Rundle Group in Alberta and the Madison 
Group in Montana. Bokman (1963) analyzed the 
post-Mississippian unconformity of Alberta in some detail, 
documenting the deep erosion of the Mississippian carbonates 


by complex stream systems. 


Bi. Ellis Group 
The name "Ellis" was first used for an undescribed rock 
unit of probable Triassic to Jurassic age mapped by 
Peale (1893) in southern Montana. Several workers later 
recognized the Ellis as a formation, but a formal type 
section was not located and described until] 1945 
CGobbany “et al.) ¥° Cobban eGig45) raised the Ellis to group 
status, and described the three constituent formations: (in 
ascending order) the Sawtooth, Rierdon, and Swift. 
Sawtooth and Shaunavon Formations 
Cobban (1945) recognized the type Sawtooth Formation at 
Rierdon Gulch, Montana (Sec. 23, Twp. 24N, Rge. 9W) 
CFig? 1) $ where “it consistslof three member's : 
1. basal quartzose sandstone up to 20 inches thick. 
2 dark grey interbedded cnsaeate and non-calcareous 
shale s783¢feet tn tek? 
ar. calcareous quartzose siltstone coarsening upward to very 
fine sandstone, 52 feet thick. 
The type locality is about 55 km south of the southwest 


corner of the study area; and lies at the very eastern edge 


of the disturbed belt (Foley, 1966). In the most 
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southwesterly well examined in this thesis, Montalban De 

Ruwe #1-A (NENW 33 30N 8W), the Sawtooth can be recognized 

with confidence. The upper siltstone member is 64 feet 

thick, the medial shale 70 feet thick, and the basal 
sandstone about six feet thick; all these thicknesses are 

Within the) limits descr tibed by: Cobban: (1945) fer this area. 

Although the correlative Shaunavon Formation is not 
partv.of the ELlLis Group; it ts .discussed here: because, it is 
mapped within the study area. The type section is the cored 
interval from 4682 feet to 4820.5 feet in the Tidewater 

Eastend Crown #1 well, at 15-11-6-20W3 (Saskatchewan). 

Milner and Thomas (1954), who named the formation, described 

two members in the type section: 

1. a lower member of cream lithographic limestone, sandy 
and pOOLiUPiG at athe EOp 407.9 - Se hee buthn ick. 

2. an upper member of alternating thin, sandy, very 
fossiliferous limestone beds and calcareous green and 
variegated shale, 59 feet thick. 

Christopher (1974) studied the Shaunavon in detail and 

correlated it throughout Saskatchewan. His formation top 

data and well logs from southwestern Saskatchewan have been 
used to extend the Shaunavon into the present study area. 

Stratigraphic names from the American side of the 

Williston Basin have historical precedence with respect to 

the Shaunavon, but considerable debate has taken place 

regarding the validity and scope of Jurassic formations in 
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Shaunavon with the American units is unclear. Consequently, 
the Canadian stratigraphic scheme is here used on both sides 
ofthe border.. 

The Sawtooth can be correlated across the western part 
of the study area and the Shaunavon across the eastern part 
with a high degree of confidence. Although they are 
obviously equivalent units on the basis of stratigraphic 
position and fossil content (to be discussed in Chapter 5), 
Their ithoblognes ane suffictenthy different’ to, jusvify the 
use of the two formation names. [ne ViEWw- of Che tact that 
the lithologic change is transitional and not easy to 
document, a rather arbitrary boundary must be designated, 
which the author proposes as the crest of the Sweetgrass 
AecharG rigs 55 co. 

The Sawtooth - Shaunavon lithosome thins and is locally 
absentsacross -the-arch (rigs. 6 4 <L0.0))) due atorboth 
depositional and erosional factors, as strata from both the 
top and base of the formations ane lost toward the. cresit. 
Peterson (1972) interpreted Sawtooth - Shaunavon strata at 
the crest of the Sweetgrass Arch to represent clean beach 
sand deposits; in the present study area, the Sawtooth and 
Shaunavon are much sandier than in surrounding areas. 
Paleoecological interpretation of the megafauna 
(Imlay, 1957), microfauna (Brooke and Braun, 1972), and 
microflora (Pocock, 1972) indicate that the formations were 
deposited in warm shallow seas which became brackish to 


fresh near the emergent or near-emergent Sweetgrass Arch. 
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The thickness and lithofacies of the Sawtooth and Shaunavon 
ane affected significantly by the configuration of ‘the 
dissected surface upon which they were deposited 

(Bokman, 1963). Documentation of these relationships is 

outside the scope.of the present situdy-, but it’ is important 

to note that the relief on the Mississippian surface was 
greatly reduced by deposition of the Sawtooth and Shaunavon. 

Temporary retreat of the oceans and generally minor erosion 

caused removal of the uppermost Sawtooth and Shaunavon 

Sit ava yeas “Shown Nn Brirgsee 9) = 11. 

Figure 8 illustrates the resultant pre-Rierdon 
paleogeology. At least three conditions detract from the 
Gua lity. iot, thts map: 

1. Most of the Mississippian inlteéers are probably larger 
because.iof, «the. di-f ficuley oho ed tis: hingubsih ing ath rn 
Sawtooth - Shaunavon beds from detritus of unknown age 
on the Mississippian surface. 

2. The Sawtooth becomes more calcareous and less distinct 
from the Rierdon in the west-central and northwestern 
parts of the study area, as illustrated in stratigraphic 
Choss Section aS ke sl IN “GAi-giw 2) 

3. The Shaunavon limestone sometimes is not easy to 
distinguish from the Mississippian carbonates, 
especially in the extreme northeast. 

These effects are fairly minor, and do not significantly 


affect the Rierdon paleogeology illustrated here. 
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Rierdon Formation 
(a) Type Section and Description 
At Rierdon Gulch, Montana (Sec. 23, Twp. 24N, Rge. 9W), 
the type Rierdon directly overlies the type Sawtooth. 
Cobban (1945) specifically defined the Rierdon as a 
li thosteatroraphi¢ “unity noting that itt is of variable -age 
over the area he studied. Cobban described the type section 
from oldest to youngest as: 
1. medium grey chunky limy shale with a few nodular 
limestones, 20.5 feet. 
2% dark grey fissile, calcareous to almost non-calcareous 
shale with thin beds of nodular limestone, 33.5 feet. 
3. medium grey chunky limy shale with a few thin beds of 
limestone in the lower part, 43.5 feet. 
4. alternating four- to six-inch limestone layers and 
thicker beds of medium grey chunky limy shale, 39 feet. 
More concisely for subsurface correlation purposes, the 
formation can be divided into three informal members: a 
basal medium grey-green limy shale with limestone beds, a 
medial dark grey-green fissile, slightly calcareous to 
non-calcareous shale with minor limestones, and an upper 
medium grey-green limy shale with nodular limestones. 
(b) Lithology and Environment of Deposition 
Only a small amount of core from the Rierdon was 
stidred*CAppendix*A+ Figs 16)) “because such thick ‘shale 
sequences are rarely cored in the course of petroleum 


explorations” inemostscases, only short cones "from the ytop of 


ae 


F mn hl i pe i i oun , dy 
” eh alt hi ans 


co ms ato hey i ae 


‘wit ail ele ee teh, CR 
y "ol i a Pil RA) f : 


og 


oat 


part 


Wea int Fila 7 * anee athe Aad 


, 
- Le t 


perry ” a4 Wh ae ind wi ae at ‘aeons ‘yoy 


eo i wir fe, hit a 


’ chy 


He! re 4 “ha 


r ny won ae ant 


: an 

nag Aw pene ser i) 

Bean a, Sey al if oak 

igi ei 1 nite ie we iil 
cane i ae bd 


<a i 


aie hte a 


bay Ay 


; nA it, y ale ) 
) a, 7 ri y wee J “i fi 


fh 


a ms al wth * a 


eu 


ot i 
Phe =| 
i, ae ee 


a 


47 


the formation were taken. Beds from all levels can be found 
in different cores, however, because post-Rierdon erosion 
has removed varying amounts of the formation. 

All three informal members of the Rierdon can be 
recognized over large areas (Figs. 9 - 13), as their 
lithologies are remarkably homogeneous regionally, although 
a greater overall proportion of shale than noted in the type 
section was apparent. Disseminated and occasionally nodular 
pyr iter rst ubiqurtous. Only “two, minors var itations=tromathe 
type section lithologies were noted. Thin (less than one 
foot) bentonite beds were found in two wells - 6-31-6-8W4 
and 6-4-7-6W4. The significance of these beds remains 
undetermined, as they have not been cored or described 
elsewhere, and they are too thin to appear on geophysical 
bogs. SA.Simigatrdy>. the siqnrhicancerof shavers of Us iit-s ized 
siderite grains a few inches thick in a few cores could: not 
be determined from the limited data available. 

thenfossi lecontentseofrtheGRierdonscieariy indicates#a 
shallow marine environment of deposition, with some slight 
deepening at the craton edge suggested by minor changes in 
faunal composition. Imlay (1947, 1953, 1957, 1962) 
described a great variety of shallow marine megafossils, 
strongly dominated by molluscs, in the Rierdon and 
correlative strata. Very diverse ostracod and foraminifera 
assemblages documented by Brooke and Braun (1972) in 
southwestern Saskatchewan and north-central Montana also 


indicate shallow marine conditions with normal salinity. 
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These authors interpreted a decrease. in faunal diversity 
upwards in the section to result from a gradual shallowing 
of therisea)..; The Rierdon microflora, described by 

Pocock (1972), also typifies shallow marine shelf 
conditions. 

In conclusion, the Rierdon Formation was deposited in a 
broad shallow sea which received no coarse clastic debris. 
Fluctuations in the relative rate of deposition of carbonate 
and terrestrial muds led to the alternation of argillaceous 
and icalcareous beds in. the. formation. The record of 
abundant life indicates well-oxygenated conditions above the 
sediment - water interface, but ubiquitous pyrite denotes 
more reducing conditions existed within the mud itself. 

(c) Log Character 

As core data are scarce, the lithologic nature of the 
Rierdon almost always must be inferred from the character of 
geophysical log responses. The entire formation is shaly 
and has negligible porosity and therefore does not deflect 
the spontaneous potential curve. Relatively high 
resistivity, low gamma emission, and high acoustic velocity 
values characterize the thin limestone bands present in much 
of, ‘the formation. Rapidly fluctuating, spiky, log ’patiterns 
are thus produced where limestones and shales are intimately 
interbedded in the upper and lower members, while more 
subdued gamma, sonic, and resistivity patterns are 
characteristic of the more argillaceous middle member. 


Typical log signatures are illustrated in the stratigraphic 


ial weat eae sia ih na: aha aay ie ¥ 
i nibh Hig rhe Jao v0 ‘0 ie eis 


j 


nye | ne Aiea Wi) nn he 
5 » Hays » + co | “oh ink ee pant hs Br h as bt el ‘ 
siradiine a cated i Sn OME Es wn : i 


‘ he wei baie neem, HAR. ee woh | | | 
a i i einer Ay nae keys ay An, pie oh an 
ey é Lae ae dant yr na a nace on. 

; Aeon 


ein on ea ansible Ane era 
ee ne alana aco aaa ai aut 


| mais tee 
Sone ie weetity sig jee lane: an, sm ieae mae o 
ny ren wT D it ‘sn ¥ bart ne : 
Wek apes nee a my ye gtang) | awh, aie 


A Hie Gea 5 pie, toh, (ty rc) sees te 
bhi ; =» 8 i) 4 x ie : 


i ie ; Aen nametiebet ASN baigas 


: PD ha 
RAS oe 


cohpelan phtaeng aabi ini, oo 


v : A P) Ps 
ay 1 ie) 


ce alten i Vihogan i: aly! a nad nike Aa 
vee aim weil yao a 


PAR ee 


it ile \ if 


mes pai 


Ua dey vs) 
aan aes 


- oe ¥ ] iia } 


- 


p\ 
t 


4g 


eross-seetions= (Figs .'9 —-213)% 
(d) Correlation 

The Rierdon can best be characterized by considering 
its variations along the south - north and east - west 
cross-sections, then examining its nature and distribution 
over the entire study area. 

In the most southwesterly well in the study area 
(NENW 33 30N 8W), closest to the type locality, the Rierdon 
is 102 feet thick, 34 feet thinner than at the type section. 
Cobban's three informal members can be recognized here, the 
basal calcareous member being 30 feet thick, the medial 
hon calcareous member about 20-tTeet~ thi ck, @and* the-upper 
calcareous member 52 feet thick. Most of the thinning was 
the result of erosion prior to the deposition of the 
overlying Swift Formation, as indicated by the reduced 
thickness of the upper member. 

Stratigraphic cross=secetion W2-="E2 (Fig. 10) and ‘the 
corresponding ® structural sectionsw2S =°E2S° (Fig. 14) best 
illustrate the behaviour of the formation along a west to 
east line. The Rierdon can be correlated with confidence 
northward from Township 30N (Montana) to 14-33-1-19W4 
(Alberta), the westernmost well in W2 - E2, although it 
becomes increasingly difficult to distinguish from the upper 
silty member of the Sawtooth north of this point. From 
14-33-1-19W4 east to 2-4-1-17W4, the Rierdon thins from 83 
feet to 42 feet, primarily because of the marked erosion 


which preceded the deposition of the overlying Cut Bank 
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Sandstone. The Rierdon thickens again to the east, although 
only gradually to about 120 feet at the present crest of the 
Sweetgrass Arch, which runs between 6-1-1-11W4 and 
7-18-1-12W4 on this section. bas trof the terest sof «the arch. 
the formation thickens to a maximum of 180 feet and 
maintains a fairly uniform thickness east of Range 7W4. 

East of the 6-29-1-8W4 well, the top of the Rierdon is 
taken cat «the “'Ritierdon Shoulder’, a distinetive “resistivity, 
gamma, and sonic marker. The shoulder marks the top of 
intercalated calcareous shales and argillaceous limestones 
of the upper limy member where it lies below the 
non-calcareous shales of the lower Swift member. Careful 
examination of the logs from 7-14-1-6W4& east to 10-8-2-1W4 
(Fig. 10) shows that the shoulder rises stratigraphically to 
the seast,- and that cht eltsthus an expression of the upper 
Rierdon lithologies in general; it does not mark a 
particular horizon within the formation. 

Considerable debate has taken place regarding the 
validity of the Rierdon shoulder as a marker for the top of 
the Rierdon Formation. Most notably, Peterson (1957b) 
argued that a marker much higher in the section should be 
used wi tHe <supponted) thitsifassertition twhth thour tipo mmts ; 

hae ehh es etR terdon ssthoujliders) is no P¥censiisit ent tw.rth 
the definition of the [Rierdon] in the type 
area. 
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3. The disconformity that separates the Swift and 
Rierdon in the type area is located some 
distance above the 'shoulder'. 
kh. The overlying shale section is not believed to 

be equivalent to the lower Swift shale of the 

type area." 
A major problem with Peterson's arguments is that he 
considered the Rierdon Formation to extend eastward into the 
centre of the Williston Basin. As will be discussed in 
Chapters V and VI, a considerable section of strata, 
thickening toward the basin centre, was deposited in the 
Williston Basin during the time of the Rierdon - Swift 
depositional hiatus in the study area. Some of these strata 
can be Preltuded ‘in the ‘Rrerdon, but a different system’ of 
stratigraphic nomenclature is required to the east where 
different lithotypes were deposited. Christopher (1974) 
documented the eastward addition of section at the top of 
the Rierdon, and continued to use the Rierdon shoulder as 
the marker for the top of the formation well east of the 
Alberta - Saskatchewan border, showing it to rise 
stratigraphically in that direction. Further east, where 
the Williston Basin nomenclature takes effect, the Rierdon 
shoulder *ks Snot an timportant marker. / “Peterson s thrrd and 
fourth arguments are effectively refuted by use of the 
Williston Basin nomenclature. His second argument does not 
apphy toma  lthostratigraphiccuni't such eas the "Ruerdon 


Formation, which was defined specifically on lithological 
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character. Peterson Ss (RiESt “argument iis incorrect cin tthat 
it has been demonstrated here that in the study area, the 
shoulder indeed marks the tep of a sequence of strata which 
corresponds very closely with the sequence in the type 
section. 

Lithologically, the Rierdon is quite uniform across 
section W2 - £2. The three-member subdivision of the 
formation can be distinguished in 14-33-1-19W& (Alberta). 
East of 6-23-1-10W4, the resistivity curve is very 
distinctive, showing the basal limy member to be from 50 to 
70 feet thick, the medial non-calcareous member from 20 to 
30 feet thick, and the upper limy member from 70 to 100 feet 
EHEC ki. In the intervening area, across the Sweetgrass Arch, 
the upper limy member and most or. all of the medial member 
have been removed by erosion. The elevation of the arch was 
sufficient, therefore, to cause significant erosion during 
the short regressive interval between Rierdon and Swift 


deposition. 


A sequence of lithologies in the Rierdon similar to 
that observed in W2 - E2 can be traced across stratigraphic 
Gross-sect:honiIw3:- ES eCRige ah |): In this case, however, the 


fonmatroni us. genera Wiyeathinnersthan. at. iserogthe tnamth; onhy 
in the extreme east (SWSW 35 31N 12E) does it thicken to 170 
feet. CrMostiof the difference is because jof ‘the sthiunner 
basal limy member, which is about 30 to 40 feet thick in the 
eastern wells; cas vopposed to 50 to 70 feet tin *theveastern 


halhiofeN2 shew The esouthern three wellsiofi istrnatigraphic¢ 
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Securon (S2 SUN20Fi gs tis erhiustrate the thinntngsof 'the 
basal*=member to thessouth;vtur ther *to the ssouth, 

Cobban (1945) noted the thinning and eventual loss of the 
basal member east from the type section. He mapped the 
SOUTH EEN TpInchoagt of tthe entire formation to. pass as close 
to the study area as Township 28N, Range IW. Evidently the 
South Arch, the southernmost component of the Sweetgrass 
Arch, had sufficient topographic relief at the time of 
Rierdon deposition to cause depositional thinning and 
eventual pinchout of the formation. As there is no evidence 
of anhinflux of coarse’clastic debris from the south, the 
arch was evidently not a high-relief source area. 

UNUSGULAY- THOR THYStratigraphic cross-section S2 -— N2, 
the Rierdon thins to about 135 feet in Townships 34N and 35N 
before thickening again to approximately 170 feet in 
Township 36N (Montana) to Township 1 (Alberta). This 
thinning appears to be the result of extensive local erosion 
prior to deposition of the overlying Swift Formation. North 
from 7-14-1-6W4, the upper member gradually thins beneath 
the Swift, indicating a general northward bevelling prior to 
Swift deposition. The Rierdon thins more rapidly north of 


Township 12, reflecting the removal of both Swift and 


Rierdon strata by pre-Mannville erosion. 
Cross-section $1 - NI (Figs. 12, 15) also shows the 
general northward bevelling of the Rierdon. Sub-Blairmore 


erosion is more evident in this section, as the Swift is 


completely eroded north of h-32-6-14W4. In addition, the 
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absence of Cut ‘Bank and Gladstone strata over much of the 

northern half of the section indicates that a large area was 

exposed and experienced erosion or nondeposition during most 
of the Late Jurassic and Early Cretaceous. 

(e) Regional Analysis 

nhe present distribuyupon, of?.the Riterdon Formation is 
summarized in the isopach map (Fig. 16). Three major 
features stand out: 

Us A broad platform of relatively thick Rierdon makes up 
the southeastern half of the map. The formation is 
thickest in the middle of the area and thins to the 
north and ssough;. on the northwest the platform «is 
bounded by the 100-foot isopach line. 

2% A sharp erosional thinning of the formation along a 
north-south trend is centred on Range 17W4 in Alberta 
and !.anges 5W - 6W in Montana, and is here referred to 
as the Cut Bank Weciey 

Bie The formation thins in the northern half of the area to 
a pinchout in Townships 12 to 15. 

A few important controls of these features can be 
outlined. The emergent South Arch caused nhs formation to 
thin in thessouthern part of the study area, but the Tow 
noribhetn) part ~of@the ancestral. Sweetgrass Anch had vless 
effect on the pattern of deposition. There is no indication 
Oof'-an original northern shoreline, due tomthe isouthward 
tilting of the area combined with northward bevelling by 


pre-Swift and pre-Blairmore erosion. The effects of 
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24 miles 


Fig. 16. lsopach map, Rierdon Formation. Crosses indicate wells with 
core control; see Fig. 3 for remaining control points. 
Contour interval = 20 feet. 
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pre-Swift erosion are manifested primarily as minor 
variations in thickness in the southeastern platform area, 
and in thinning of the Rierdon across the Sweetgrass Arch. 
Pre-Blairmore erosion in the northern and western parts of 
the study area caused general northward bevelling and 
significant local channelling which removed the Swift and 
much of the Rierdon, particularly in the Cut Bank Valley. 
Other unpublished work by the author shows that the entire 
northern border of the Rierdon is dissected by 
sharply-bounded Blairmore valleys, although this is not 
apparent on the regional isopach map. More well control and 
interpretative contouring would show the presence of some of 
these valleys. 
Swift Formation 
(a) Type Section 

The’ typeltsectiion of the Swift ‘Formation is tocated on 
the north shore of Swift Reservoir, Montana (NE 1/4, 
Sec. 27, Twp. 28N, Rge. TOW), “in "the -edsternmost Cordilleran 
thrust sheet bringing Jurassic and Mississippian strata to 
the surface. As described by Cobban (1945), the Swift 
consists of a lower shale member and an upper sandstone 
member. The shale, 54.5 feet thick, is dark grey, 
non-calcareous, and finely micaceous; it contains minor 
pyrite, some hard siltstone streaks, and large rusty 
brown-weathering calcareous concretions. A few inches of 
highly glauconitic shale with water-worn belemnites and 


black chert pebbles form a distinctive basal marker. The 
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80-foot-thick sandstone member is composed primarily of fine 
quartz grains with subsidiary grey and black chert, and is 
flaggy, ripple-marked, bioturbated, and contains abundant 
black-grey fissile shale partings and accessory glauconite, 
muscovite and coaly fragments. Another glauconitic 
chert-belemnite conglomerate up to seven inches thick marks 
the contact between the two members. 

At the type locality, the Swift disconformably overlies 
the Rierdon, and is unconformably overlain by mudstones, 
siltstones, and sandstones of continental origin, the age of 
which has not been clearly defined. Cobban (1945) assigned 
this continental sequence to the uppermost Jurassic Morrison 
Formation, but three samples collected in the interval by 
the author yielded palynomorphs of Aptian age. This problem 
is discussed in more detail in the following section on the 
Morrison uForma.t Pon. 

(b) Litho hogy sand 4 osisitl rGontent 

The lower shale member of the Swift conforms closely to 
Cobban's (1945) description over the entire study area. 
Glauconite is sometimes concentrated in isolated small 
lenses, and minor woody plant debris was often observed. A 
basal chert-belemnite conglomerate was found only once, in 
the McColl - Frontenac Union 9A-22-3-8W4 well, at 2920 feet 
(Plate la). Scattered dark chert pebbles were found in the 
chaile Cin Wsome Gothen wells, "but not (in “suUPitcihent quantities 


to constitute the marker bed. 
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In contrast, the upper sand member is not as 
homogeneous, and does not closely resemble the type section 
over most of the study area. The term used by many 
geologists and drillers to describe the member is "ribbon 
sand", referring to a wide range of interbedded sandstone, 
siltstone, and mudstone lithologies. ln gross composition, 
the ribbon sand varies from 95% mud and 5% silt to almost 
100% clean medium-grained sandstone. According to the 
classification of Reineck and Singh (1973), all lithotypes 
from lenticular bedding with single flat !tenses through wavy 
bedding to cross-bedded sandstone with flasers are 
represented in the core studied (Fig. 7; Plates Ib - 2c). 
Coarser siltstone and sandstone beds often show evidence of 
loading on underlying mud layers, and reactivation surfaces 
are also common (Plates 1b - 2b); these features indicate 
rapid alternation of current and wave power. 

The mud-sized component of the ribbon sand closely 
resembles the underlying shale member. In most cases, 
however, the mudstone in the ribbon sand is siltier, more 
micaceous, contains some amber, and exhibits larger and more 
abundant fragments of coalified woody plant debris. The 
colour of the mud component is the basis for a subdivision 
of the ribbon sand: where the mud is medium to dark grey, 
the ‘rock. ts,callededank ribbon: sand" s' where it tsi vight 
grey to grey-green, the term "light ribbon sand" is used. 
Severe oxidation, which removed nearly all the organic 


material, pyrite, and glauconite originally present, is 
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Relspons Pb he Shor ithe slight veo bour § ln general; the light 
ribbon sand exhibits a greater gross percentage of coarse 
elastiretmater ial ~than ‘does ttherdark ribbon sand! (PTate le). 
The light ribbon sand always overlies the dark, usually but 
not always with a sharp contact. 

Quartzose siltstone with very minor dark and light 
chert grains most commonly makes up the coarse component of 
the ribbon sand. Where the coarse fraction is more abundant 
than the mud, it coarsens to avery fine- to medium-grained 
Sandstone and becomes more lithic with the addition of dark 
grey to black chert and a small percentage of rock fragments 
(Plate 4a). Grain size variations of the coarse fraction 
are usually quite gradaticnal, although lenses and beds of 
coarser extralitharenite can abruptly intertongue with silt 
and fine sand (Plate 2a). 

Pyrite rs abundant #in ‘the dark sri bbon “sand, “occurring 
both as disseminated grains and as nodules up to three 
centimetres in diameter (Plate Id). Glauconite is rare, 
appearing most often in the lower part of thick dark ribbon 
sand sequences. In the light ribbon sand, siderite pellets 
about 1 mm in diameter are very common, occurring 
disseminated throughout the rock, or less commonly as 
detrrttal®concentratrons Vins flit orf "sand stenses : 

The contact between the shale and ribbon sand members 
is preserved “in ‘ony two ‘of the cores studied - CMG Black 
Butte 5-17-1-8W4 (p. 244) and Conrad Province 12-36-4-15W4 


(pe t265 ). tr bothiecases. the ‘contacters tratther indrevinct, 
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and separates silt-streaked shale below from ribbon sand 
with thin flat lenticular silt beds above. No 
chert-belemnite conglomerate was observed in either case. 
Analysis of the geophysical logs shows that this contact is 
often gradational, especially where the shale member is 
thickest: Coarse ribbon sand does abruptly overlie the 
shale in a number of wells however, especially where the 
lower member is thinner than 15 feet. 

Bioturbation is nearly ubiquitous in the dark ribbon 
sand (Plate ld), but is much less common in the light ribbon 
sand. Tubular burrows up to 3 mm. in diameter, branching 
and cutting across beds at all angles, make up most of the 
tpace fossttsv" The density*of ‘burrowing activity’ is 
extremely variable, but it appears to peak where the 
mud-sized component makes up 25 - 50% of the rock, although 
burrows may not be as easily detected where the mud 
percentage is lower. ‘Rarely is the burrowing so intense 
that the original bedding is completely destroyed. All 
burrows are tentatively assigned to the genus Chondrites, by 
comparison with illustrations and photographs in 
Chamberlain (1978). Both Chamberlain (1978) and 
Seilacher (1978) showed Chondrites to occur in’a wide 
variety of marine environments, hence its presence is useful 
only vas“an@indicator of marine “conditions. 

Other fossil evidence indicates that the Swift was 
deposited under primarily shallow marine conditions, and all 


fossil groups suggest shallowing toward the top of the 
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Formation. A shallow marine megafauna dominated by molluscs 
was documented by Imlay (1947, 1957); most notable is the 
presence of»the pelecypod Mytilus in western Montana and 
Wyoming, which suggests littoral conditions. Microfaunas 
similar to those characterizing the Rierdon are found in the 
Swit wandeconretlativetstravatoftthe Williston Basinger but the 
Swift assemblages are less diverse, indicating a more 
restricted nearshore environment (Brooke and Braun, 1972). 
Continued shallowing, decreased salinity, and increased 
Cunbiditysare teviident inrnhetupper parteof tthe Swift; sas the 
microfaunal assemblage becomes restricted to shallow-water, 
brackish-tolerant agglutinated foraminifera. The microflora 
record the same trend of decreased marine influence upward 
from thetbase ofthe tSwiftt Pocock) 1972)% a trend/ialso 
noted in palynological samples examined for this thesis. 

No diagnostic fossils were recovered from the light 
ribbon sand in the course of the present study. Evidently 
the continued shallowing trend eliminated all marine fossil 
indicators in these strata. 

(c) Environment of Deposition 

Asanotedwinvypanmte(biintthe  irthology andiftossinlk content 
of the Swift denote a shallow marine environment of 
deposition. A shallow marine continental shelf depositional 
model, which depends on storm activity to provide episodic 
influxes of coarse sediment, can account most satisfactorily 
Longnheedi stribuniontand mature of theywswitt <andyits 


equivalents. 


s care 

EPA > fu 

‘ : , 

re! has 
a aa 
a7 - 
b b 

P 
4, 


cial neta ied ‘hk vos ‘mt mie 

ee ae ges! "@ ion mean ye Ldy / ae ) | 
nies Cin ah ante Ars aime ive na she 

Ae Pe wm wend }. wie hig cam a i 


r oe vi ws 1 laa #789 saith oth, at aren 


Ce ae biti Y jie ay 4 auto nih one alpine | 
eh hy bel 1 ee + i me nig cha ie pti senso 


‘ % ; it. 4 ‘tb | win ; i ‘e af : % yar h ) win tC aq ) wo aay by 


j ; pen a 
es ey Bd. bel iy * ut ee: « Sane wh) lea 


het gett aoe 4 sist ia i 
eee | ie A oe te cm hao! nh ve 
ki Seon sila err lnk , sen ant ¥, 
ann A, 


oy o a ee. i 
"7 


Te ae Hints) A esl ven a 


Ae Me, 


oa es h8 2, ne i) “fe om pe 


oN 
ht on 


62 


Brenner and Davies (1974) proposed a regional 
depositional model for Oxfordian sedimentary rocks of the 
western inter)porlvot thesUmited States: south of “the study 
area (GFig. 17). “They concluded that a mud facies, including 
the shale member and the least sandy sections of the ribbon 
sand member of the Swift, was deposited under widespread 
homogeneous low-energy shallow marine conditions in a broad 
epicontinental seaway. <A nearshore marine sand facies was 
deposited at the western edge of the seaway flanking the 
Source area; the wype locality “of the Swift) is ineluded in 
this nearshore facies. As previously mentioned, megafaunal 
occurrences support the interpretation of a nearshore 
environment of deposition to the west (Imlay, 1947, 1957). 

A marine bar-sand facies, capping the mud facies over 
the entire study area and including the dominantly sandy 
sections of the ribbon sand, was laid down during the 
subsequent progradational regression. Submarine sand bars, 
consisting largely of trough cross-~bedded sandstones 
(Fig. 73 Plate 2¢), were separated by muddy interbar areas, 
where much of the fine sediment winnowed from the bars was 
deposited in wavy- and lenticular-bedded lithotypes. 

Brenner (1980) proposed that coarse clastic sediment was 
carried onto the shelf by currents generated by major storms 
acting in conjunction with flood-stage flow jets from rivers 
flowing off the ‘westerly source area. Strong storm surges 
triggered the deposition of coarse coquinoid sandstone beds, 


which were observed by this author in northern Wyoming but 


ie Oa Deyo 


vaya 


yee weld ent 


i és hale i A eager em 


* ee ' 
Ot M Se ed omy ay. 
ae v 
ee 
+ * se i oe 5 Ou 
i) - ah a 


: & pa ae ay Ni 
aly ep) sete hy 9 Aire 
ey os eu Ny hah: Pear toe | 
t F ‘ q a 


‘ee ntl we oat isdn ‘oth 


at hy mt if ‘Kune ' = ny =f a 


oa ‘ae we fe ) 4, ile itis i 


yy aa 


: ‘ a Tt ny tbh ” sie Awa Ae we 


| | a aft: an Niall opeidbagh + ham 


i 
\4 mm 


pair tah RSE dadedasadarnt ene aaeaele nis 


ere Cae la i ‘ i 3 +HiiH, wabhe co ‘ ‘ma Fy Preis an 


4 tes 


th, P 


te 


ha eae? 


s - " Hes sane a se st ‘mane 
oe f hh ic; ON ine 


eh 


cy 
co he 


wahamanat annie shen 


i ni 1 todenanel Mae os tiene om 


rae + ior rit an vai re 


toe 


vo 


" 


wi | hey obi 


oe ; 
tt 


i ‘ob wt ¥ “eanni-sai 9s oe gh neu 
oo ee Sh etle ap y sti i 
get mien ( Rl. gtoow Wl veg tow 
Ve me / - ay ie 


‘po we aa Pea ik 


ae 
Tee 
vp 
ee ry 


a 


ne wy eee 


63 


Nearshore marine sands 


Mud facies 


io Mixed carbonate = clay, facies 


Marine bar sands 


Piece a Pe Regional paleogeography and depositional model 
For? west ern? interior? Uni tedes tates” dur ine 
Oxf ordvan time: A - early transgressive phase; 
B - maximum transgression; C - regressive phase 
(after Brenner and Davies, 1974). 
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nots in -tbheastudy anea: 

Similar lithotypes have been interpreted as "marine-bar 
sandstones" in the 'J' interval of the Cretaceous Dakota 
Sandstone of Nebraska by Exum and Harms (1968), and as 
"shelf sandstones" in shallow Cretaceous sands of the 
northern Great Plains by Rice and Shurr (1980). 

Hallam (1975) criticized such interpretations, with specific 
reference to the Brenner and Davies (1974) model; he 
suggested that such a widespread distribution of very 
uniform shallow marine deposits could also be explained by 
the diachronous deposition of subtidal dunes along a 
prograding shoreline, although he did not propose any more 
specific explanations. 

De Raaf et al. (1977) described strata virtually 
identical to the Swift ribbon sand member from the Lower 
Carboniferous Kinsale Formation in County Cork, Ireland. 
They concluded that wave action was the most important 
process in the generation of the observed bedforms. Sie 
and sand were dropped from suspension after being entrained 
by storm waves and currents, and were often reworked by 
these same waves. They classified the sequences of 
lithotypes into four categories: coarsening-upwards (CU), 
fining-upwards (FU), coarsening- then fining-upwards (CUFU), 
and random sequences. The successions of sequences observed 
led them to conclude that deposition took place in an area 
of shallow quiet water where mud was normally deposited, but 
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which introduced coarser sediments and deposited them in 

various types of longshore shoals. Two important 

conclusions regarding the environment of deposition of the 

Kinsale Formation were reached by De Raaf et al. (1977): the 

area experienced generally low wave energy with occasional 

storms; and a wide range of energy conditions existed, but 
storm energies were damped by the muddy character of the 
platform sediments. 

The sequence of events summarized by Brenner and Davies 
explains the general succession and distribution of 
lithotypes in the Swift and equivalent units, whereas the 
more complete sedimentological analysis of De Raaf et al. 
provides the basis on which individual sections may be 
interpreted and lays the groundwork for more detailed 
reconstruction of sedimentary environments. Comparable 
thicknesses of strata are present in each case, and ali the 
lithotype sequences found in the Carboniferous sections are 
present in the Swift, as illustrated by the following 
examples. 

PSS *Coarseniing: upward CCU): "Core == "CMP "CouttS 3-13=)— P3wWwa, 
2590-2618 feet (Appendix A, p. 248); Log - Energy 
Reserves Van Auken NWSE 14-30N-4W, 2469-2547 feet 
CF me) 

Zee Fining upward (FU): Core - No clear core descriptions of 
entire ‘Swift *Himrng “Gpward; Log - CMG Lalit 6-23-1- POWs, 
2902-2976 feet AChig. G10) ; 


3.3 Coarsening then fining upward (CUFU): Core - CMG Black 
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ButterS-17-1-8W4, 290652970, feet GApps Ay pe v24h)s Log - 

Pan Am Olson #1 NE 10-36N-8E, 3083-3186 feet (Fig. 13). 
4k, Random sequence: Core - Cardinal State Darrow 

SENE 8-37N-5E, 2896-2926 feet (App. A, p. 243); Log - 

Whitehall Comrey 7-14-1-6W4, 3302-3380 feet (Figs. 10, 

13) 

De Raaf et al.'s (1977) study encompasses a much smaller 
area than is covered by the Swift, but it appears that the 
depositional model could be applied over a larger area, 
given a sufficientiy broad shelf and an adequate sediment 
supply. Some diachronism of deposition resulting from 
progradation probably occurred, which helps to explain the 
homogeneity of the facies over such a large area. 

One major feature of the Swift Formation not found in 
the Kinsake Formation is the highhy-oxidized, tbight-coloured 
ribbon sand. Wave power and flow rates during deposition of 
the light ribbon sand were probably only slightly higher 
thaneduningedeposition of the dank ribbon sand, as.sitmi lar 
lithotypes are observed, albeit with a greater proportion of 
sand and silt. Deposition was more rapid, as indicated by 
the increasedspropontionyof coarse sedimenteand idecneased 
abundance of Chondrites burrows (Chamberlain, 1978). Some 
sections of dark ribbon sand which lack glauconite and yield 
transitional to non-marine microfossil assemblages may 
represent intermediate conditions. 

Siderite-bearing light ribbon sand lying directly over 


the pyrite-bearing dark ribbon sand is analogous to 
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successions in the Coal Measures of Yorkshire described by 
Curtis and Spears (1968), which they interpreted to be the 
product of more rapid deposition of the upper strata. 
Sulphate-reducing bacteria could not produce sulphur 
sufficient rapidly to maintain pyrite formation, hence 
siderite was precipitated in the upper part of the section 
during diagenesis. Actual emergence during deposition of 
the light ribbon sand seems unlikely, but sedimentation 
probably occurred less episodically, so that oxidizing 
conditions were maintained at the sediment-water interface. 
In summary, deposition of the Swift Formation began 
with a marine transgression over the entire study area. A 
basal chert-belemnite conglomerate and scattered dark chert 
pebbles were deposited in some areas, but otherwise, a very 
homogeneous dark glauconitic marine shale accumulated over a 
broad shallow she f. Increased coarse clastic influx and 
progradational shallowing of tive sea Ted to. "deposi Pion of 
the ribbon sand member. Sand “and ‘stilt from arising 
westerly source area were entrained by storm waves and 
currents, were dropped from suspension over the broad, 
dominantly muddy shelf area, and were reworked by ae and 
currents associated with the same storms into a variety of 
sand bodies, separated by muddy interbar areas. Reducing 
conditions caused glauconite to form and coalified wood 
fragments and abundant disseminated organic material to be 
preserved. Further progradational shallowing led to the 


spread of more oxidizing conditions and a slight overal| 
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increase in wave, power and flow rates, producing the 
trans ttionaletovhighly-oxadized hight! ribbon: sand. 
(d) Log:Character 

A wide range of geophysical log responses are produced 
by the variable lithology of the Swift Formation. With the 
aid of 62 cores penetrating at least part of the formation 
(Appendix A, Fig.—18), however, the-Swift can be 
distinguished with confidence in most cases. 

The basal shale member, where well developed, exhibits 
the distinctive log signature of a dark shale: the 
spontaneous potential curve is flat and runs directly on the 
shalectine, white the, resistivity) istuniformly! very low. 

The gamma log shows a@ very steady high gamma ray. count, and 
aelowcacoustic velocity iis indicated byothe ‘sonic. log. 

Where an abnormally large amount of silt is present and 
where the shale grades upward to the ribbon sand member, the 
logs gradually assume a character more indicative of 
siltstone. The spontaneous potential curve is the least 
responsive to such variations, requiring about 20 - 30% silt 
or sand content before deflecting significantly from the 
shale line. 

A large range of log responses characterize the ribbon 
sand member, which, as previously discussed, includes al] 
lithologies from silty shale to clean medium-grained 
sandstone.) Atethershatly end; the® log curves grade into the 
responses described for the shale member, whereas the 


cleanest sand bodies exhibit classical sand responses, most 
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characteristically low gamma readings and up to 60 mV 
negative spontaneous potential deflections. Resistivity and 
sonic responses are more variable, as they are more strongly 
governed by fluid composition and degree of cementation. 

The bulk of the ribbon sand member, which is composed of the 
lenticularly-~bedded lithotype, exhibits "cylinder-shaped" 
intermediate log responses normally associated with 
siltstones. 

Numerous small-scale variations in sand and silt 
content produce rather jagged curves, making it difficult to 
pick a boundary between the shale and ribbon sand members in 
many cases, especially where the shale member is thicker 
than 40 feet. The somewhat arbitrary division of the 
members which results must be taken into account as a source 
of error when interpreting the isopach maps. 

(e) Correlation 

Unlike the Rierdon and Sawtooth Formations, the Swift 
is not closely comparable to the type section in the most 
southwesterly well of the study area (NENW 33 30N 8W 
(Montana)). Pre-Blairmore erosion in the Cut Bank Valley 
has removed the entire ribbon sand member in this well, 
leaving only 47 feet of the basal shale member, which is 
identified by its stratigraphic position between the Rierdon 
and the overlying Cut Bank Sandstone, and by core data from 
the correlative interval in’ the Shell Tribal (SWSW 28 34N 


8W) well. 
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To the east of the NENW 33 30N 8W well in stratigraphic 
EHOSSSSECEIONGW3 c= Sb3 RC hiee hij xlthesCutmBanksValteyecuts 
further down section and completely eliminates the Swift. 
East of the sharp eastern boundary of the valley, from Range 
LW to the eastern edge of the section, the Swift increases 
gradually in thickness<from 80 feet to.about 140 feet. The 
shale member is thin west of Range 8E, reflecting onlap onto 
the remaining low relief of the ancestral Sweetgrass Arch. 
The ribbon sand member does not appear to be similarly 
affected, although later erosion may have obscured the 
depositional thinning. 

Sttatigraphtervcnossesectioniw2 t= E20CF tge 210} presents 
a more complex picture. Removal of the Swift under the Cut 
Bank Valley is illustrated in the interval from 14-33-1-19W4 
(Alberta) east to 4-2-1-16Wk&. The formation thickens 
rapiahy eastiof tthe vattley; but rs@tndneatedrisharply by 
another erosional valley from Range 12W4 to Range 9W4, most 
notably in 6-1-1-11W4&. East of the eastern valley margin, 
the Swift thickens rapidly to about 90 feet, and varies 
between 80 and 110 feet to the eastern end of the section. 
General eastward thickening from the Sweetgrass Arch, 
evident especially in the shale member, and variable 
pre-Blairmore erosion control the thickness along this line 
of section. 

Thersouthr=Snormthtistratigraphic’crossssect tons 
demonstrate northward bevelling of the Swift by 


pre-Blairmore erosion, which occurs at a fairly uniform rate 
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firesecetOnursue Nl CFig. ghz.) ALT SO «Ot Interest inh, thas 
section is the onlap of the basal shale member against a 
component of the ancestral Sweetgrass Arch south of 
Township 3. GAtber tia). “Sechion.iS 2 — N20 (Fig. 13) illustrates 
that the Swift is much thicker and more uniform in the 
eastern part of the area. Minor channelling is demonstrated 
in Townships 2 to 5, where the formation is overlain by 
basal Gladstone sandstones. The shale member is persistent 
in this cross-section except in Townships 34N and 35N 
(Montana); here the ribbon sand is thick and the Rierdon is 
abnormally eroded, as noted previously. A possible 
explanation for these observations is that erosion of the 
Rierdon was intensified over a local paileotopographical 
high, which may have been emergent during deposition of the 
Swift shale member, providing a locus for the formation of 
shallow marine sand bars of the ribbon sand member. 
(f) Regional: Analysis 
Figure 18 (a,b,c) presents the isopach maps of the 
Swift Formation and its two constituent members. The major 
features exhibited are: 
iis A platform of thick Swift in the southern and eastern 
parts of the study area, bordered roughly by the 80-foot 
Cconuour shine —Ghges4.0ce. 
Ze ‘the nortn-trendiung cut Bank Valley. 
3.) cA noOnth-northwestatrending Valley mn thescentre) ot “the 
area, here named the Whitlash Valley, after the town of 


Whitlash, Montanawtiwp. SON, Roe. (RE)seUrig.| 62): 


ey 1 


tot aie a a hae ee 


Aphis se: han 
vies i Ah wei a 


Lo ie 4 on Bra. eel rie ie 


Ui iit. ath ae ant. Men He + dey By, 


oY Yn. etl AE i aa Hat. 1 ae 


7 . a } : 
; ; ; Nerd y ba « 
As Woe Db had VO 
HY 


ieee he tn ae ey dayh : peed aes 
aes te Sche vega wenen’ who os 


a hii: aiene ny: 


* bt ie ti 
ar he ere PRC Werae ) ae 
‘ a el Sat aia aali e ry 
\ iy ey 
eet OS fii , 
rh 
H+) 
A, 
: Fi s: rs 


7 4 ' : 
on 
uae. uy t 


) if 


24 miles 


Fig. 18a. Isopach map, Swift shale member. See Fig. 3 for control 
points. Contour interval = 20 feet. 
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Fig. 18b. Isopach map, Swift ribbon sand member. See Fig. 3 for 
control points. Contour interval = 20 feet. 


ag 


gine ea 


u 4 
eg a) ’ 
ran 


V 
/ - 
4 | 
2 
: F E 


" 

bt Pe ts } 

mn fo a Pe a6 Ue 

as hides aie i gn nth Cp tri . 
ua « 7 q P 

Me @ 


> 
’ 


seh E 99 22> redmem 
(. deet OS = lo 


Fige. 8c. 


® 
(ee 
68) 
fad) 
=) 
= 
\ = 
EQ 


24 miles 


lsopach map, total Swift Formation. Crosses indicate wells 
with core control; see Fig. 3 for remaining control. 
Contour interval = 20 feet. 
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4k. The pinchout of the Swift in the north-central part of 
the farea: 

Thickening of the basal shale member to the east and 
west (Fig. 18a) indicates that low topographic relief still 
existed across the ancestral Sweetgrass Arch at the time of 
deposition. Generally, however, the Swift was deposited as 
a widespread shallow marine unit with fairly uniform 
thickness. 

Prolonged erosion, especially widespread minor 
channelling, between the deposition of the Swift and the 
Blairmore was responsible for sculpting the present 
configuration of the Swift. Because of the southward tilt 
of the area, the formation was eroded to a pinchout wel] 
south of the Rierdon erosional edge and consequently, no 
evidence of a northern paleoshoreline is preserved. The Cut 
Bank Valley, in the western part of the area, cuts through 
the entire Swift and into the underlying Rierdon; on the 
other hand, -the-Whitlash -Valtley, )in the centre of the-study 
area, does not cut as deeply, and so thins or removes only 
the Swift along most of its length. Two tributary valleys, 
shown as trends of thinned ribbon sand, feed into the main 
Whithkash dVakley §fromathe southwest GChigi 2i8e).-kThewtrue 
configuration of the Whitlash Valley is more intricate, as 
demonstrated by Branch (1976) in the Fred and George Creek 
fieldaGiwp. W37NeeRgeneae GMontanay: Elg¢e33) 4abutythepfew 
wells examined serve to outline only the main trend. North 


of Township 2 (Alberta), the valley trend swings to the 
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northeast, where it has completely eroded both members of 
the Swift. Some erosion of the Rierdon appears to have 
taken place to the northeast along this trend in Township 4, 
Range 10W4 (Fig. 16), but the valley can be traced no 
farther shan eth e. 

In the east-central part of the study area (Townships 
1-10, Ranges 1-3 W4& (Alberta)), the Swift is markedly 
thinned and is directly overlain by the Beaver Mines 
Formation. This area experienced extensive erosion during 
the Early Cretaceous, as discussed in more detail in the 


Ghadstone sectionwof -this chapter. 


CC. Morrisonsiornma tion 

The Morrison Formation (Fig. 22) is not mapped in this 
thesis, but it is discussed briefly below, as many previous 
workers have mapped it in the study area. 
TypesSection 

The Morrison Formation was first defined and described 
by Eldridge (1896), who designated a type section in eastern 
Colorado, about 1200 km. southeast of the present study 
area. Waldschmidt and Leroy (1944) described the formation 
in more detail from a revised type section nearby, which 
offered better access and exposure. They distinguished six 
informal TVathologiic upitsmtotallings~27]/heeteithick, 
consisting of variegated shales and siltstones with abundant 
sandstone beds and a few limestone beds, all of continental 
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Conmrekattion and tExtensiton torStudy Area 

The Morrison has been recognized and mapped over a 
large area of western North America extending as far north 
as southeastern Alberta and southern Saskatchewan 
Paeeaes ain: 1966, 1972; Franeis, 1957). bt hisiediis timguished 
primantly2as ta elithostratigraph iictunit cof meant inentall origin 
conformably or disconformably overlying marine strata of the 
Swift and its equivalents, and lying unconformably beneath 
coarse sandstones or conglomerates of Early Cretaceous age. 
Facies trends cannot be traced regionally, although informal 
members are recognized in several areas (Imlay, 1952a; 
Peterson, 1972). 

Well-documented occurrences of undisturbed Morrison 
nearest to the study area are around Great Falls, 
approximately 100 km. to the south. Harris (1966) and 
Walker (1974) used lithological and paleontological evidence 
torcorre late tisitratatcropping “out in sthe Great tralts: - 
Lewistown coal field and along the Missouri River with the 
Morrison of Wyoming and Colorado. West of the study area, 
in the disturbed belt of northwestern Montana, 

Stebinger (1918) and Ross (1959) were unable to recognize 
the Morrison, although they realized that rocks of this age 
might be included in strata mapped as the Lower Cretaceous 
Kootenai Formation. Palynological analysis would have aided 
them; despite disagreement regarding the true age of 
Morrison and equivalent strata, their microfloral 


assemblages are distinct from those of the overlying 
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Blairmore - Kootenai unit (Brown, 1946; Bell, 1956; 

Pocock, 1962, 1964). Cobban (1945) tentatively assigned a 
Morrison age to strata overlying the type Swift, but 
provided no evidence for this assignment; as previously 
noted, three samples taken by the author in this interval 
yielded palynomorphs of Aptian age. In the area immediately 
north of the Swift type locality, Weimer (1955) showed that 
the Kootenai overlies the Ellis directly, implying the 
absence of the Morrison. Mudge (1972) mapped a 200- to 
S50-foow thick tsectr lon caf tMornnisonarn the Sun River varea)in 
the disturbed belt 7O km. southwest of the study area. He 
found that the formation -inothe ‘eastern half of his area 
closely resembled the type Morrison, and graded conformably 
up from the underlying Swift. Pnhethecrooth il ts and  hront 
Ranges of southwestern Alberta, strata of the correlative 
Kootenay Group have been mapped and described by several 
workers, including Norris (1959), Jansa (1972), and 
GibsonnGus77, 1979). 

In the present study area, the Morrison has been 
correlated using geophysical logs in several oil fields 
(Billings Geol. Soc., 1958). Determinations made by a 
number of workers are similar, each showing a section of 
shales and siltstones lying between Swift ribbon sand below 
and well-developed Lower Cretaceous sandstones above. None 
of the correlations are documented by lithological or 
paleontological data, however, and all are shown rather 


incidentally on sections which are designed primarily to 
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demonstrate characteristics of other (petroleum-bearing) 
formations. Correlative strata in other nearby fields have 
been mapped as Kootenai formation (Billings Geol. 

Soc., 1958; Branch, 1976), and Imlay (1952a) noted the 
absence of the Morrison in the Sweetgrass Hills,°and locally 
near the Sweetgrass Arch in northwestern Montana. The 
present author could not recognize any Morrison strata above 
the Swift, although the paucity of core from Montana 
hindered this effort. 

The Morrison Formation was therefore not mapped in the 
study area. lt ttewassorkqinally depos tted, emost tof vit 
would have been removed by pre-Blairmore erosion in the Cut 
Bank and Whitlash Valleys and over the ancestral Sweetgrass 
Arch. Quite possibly, some Morrison does exist in the 
eastern part of the study area, but its recognition wil] 
depend on finding unambiguous paleontological or 
lithological evidence and correlating in detail from outcrop 


SECETORNS . 


Di. Blairmore Group 

Leach (1914) first used the name "Blairmore" on a map 
legend to designate a section of Lower Cretaceous strata in 
a map area near Blairmore, Alberta (Fig. 1). Rose (1916) 
described the Blairmore formation and included in it a basal 
sandstone and conglomerate member that Leach had previously 
assigned to the underlying Kootenay formation. Formal 


stratigraphic status was given to the Blairmore Group in 
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1967, when Mellon named and designated type sections for 
three constituent formations: the Gladstone (oldest), Beaver 
Mines, and Mill Creek (youngest). McLean (1977) proposed 
that the basal sandstone and conglomerate member of the 
Gladstone be called the Cadomin Formation in accordance with 
common usage in the centra! Alberta Foothills, and that the 
Gladstone be redefined to include only the strata between 
the Cadomin and Beaver Mines. 

Lower Cretaceous Nomenclature Problems 

Three important stratigraphic schemes have been used 
for Lower Cretaceous non-marine strata of the study area. 

In Montana, the term "Kootenai formation" has been used 
Since E907; In Alberta, early workers correlated drilling 
samples from exploratory wells with the Blairmore formation, 
and so the term "Plains Blairmore' was commonly used in the 
petroleum industry. Since the work of Glaister (1959) was 
published, these basal Cretaceous ane ton heute generally been 
referred to as the Mannville Group, consisting of the 
informal lower and upper Mannville formations. 

To resolve the problems of stratigraphic nomenclature 
and to choose the most applicable names for use in this 
thesis, the author studied the origin and nature of each of 
the Kootenai, Mannville, and Blairmore units. Factors 
considered were the formal stratigraphic standing of the 
Uni ts yvand the “ciimilarictyicof sthe ur ski tho logical compos ittion 
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The Kootenai formation originated as a miscorrelation 
with the older Kootenay Formation (now Kootenay Group) of 
Canada, but the spelling was changed by Fisher (1907) to be 
in accord with the spelling of the name of the Kootenai 
Indian tribe of Montana. This minor spelling difference is 
very confusing, especially as the names apply to completely 
different lithostratigraphiec units. No formal type section 
has even been proposed for the Kootenai and thus it has no 
formabasitratignaphiicastanding. ‘Walker €1974sepp. 16-17) 
discussed some of these problems, and stated: 

tht ts hightysunfortunate that’... a formal change 

in nomenclature was not proposed, and the misnomer 

'Kootenai' stricken from use as a stratigraphic term . 

in Montana. Blairmore Formation, or perhaps Great 

Falls Formation ... would have been much more 

appropriate terms" 

Nauss (1945) originally defined the Mannville Formation 
in central Alberta, and divided it into six members, noting 
that the overall lithology differed significantly from that 
of the Lower Cretaceous in the southern Plains of Alberta. 
Badgley (1952) elevated the Mannville to group status and 
correlated it throughout central Alberta. The Mannville 
Group was extended into southern Alberta by Glaister (1959), 
who suggested that the lower Mannville and upper Mannville 
be given formation status, although he did not do this 
himself. Glaister recognized that the lithology of the type 


Mannville could be compared with his Mannville of southern 
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Alberta only in avery general way, and that the "Mannville" 
of the southern Plains could be correlated more closely with 
unre ower two-thirds, of pthe*Bilairmore ‘of ‘the Foothills. 

The historical development of the Blairmore Group as a 
formal lithostratigraphic unit has been summarized at the 
beginning ‘of this section “and” in-Chapter. ||. The 
lithological and paleontological similarity of the basal 
Cretaceous strata of the study area to the type Blairmore 
has been recognized by this author and by several other 
workers (eg. McLearn, 1945; Glaister, 1959; Mellon, 1967; 
Walker, 974s “Riceand Cobban, VO7}): 

Lower Cretaceous, primarily non-marine strata of the 
study area are therefore assigned to the Blairmore Group, a 
formal lithostratigraphic unit very similar both 
lithologically and paleontologically to the correlative 
strata of the study area. The revised Gladstone and Beaver 
Mines Formations are also extended to the study area, 
although the terms "lower Blairmore" and "middle Blairmore" 
are more commonly used than the proper formation names. The 
informal Cut Bank member of Montana is raised to formation 
status and is designated as the Plains equivalent of the 


Cadomin Conglomerate of the Foothills. 
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Cut Bank Formation 
(a) Type Section and Description 

The Cut Bank Formation, named after the town of Cut 
Bank, Montana (Twp. 33N, Rge. 6W), is the oldest mappable 
lithostratigraphic subdivision of the Blairmore Group in the 
study area. lt includes strata previously assigned to the 
informal Cut Bank member of the Kootenai formation, the 
Vanalta and Cosmos sands of the Border - Red Coulee oji| 
field, and the Taber sandstone of Alberta. The Cut Bank 
lies completely in the subsurface, hence its recognition 
depends entirely on cored sections, drilling samples, and 
geophysical logs. 

The type section, described in detail in Appendix A 
(p. 250), is designated to be the cored interval from the 
depth -of «2753 feet to 2806 feet in the Decalta Altair Milk 
River (2-4-1-17W4 (Alberta)) well. It is logged in the 
interval 2755 to 2808 feet on the induction electrical log 
because of a small miscorrelation of the core depths. 

The Cut Bank Formation is primarily a medium- to 
coarse-grained, poorly-sorted sandstone, the grains of which 
are composed almost entirely of quartz and dark-coloured 
chert (Plate 5a). Relative proportions of quartz and chert 
are strongly controlled by grain-size, the chert being more 
abundant in coarser beds, so that almost all the pebbles are 
composed of dark chert where the Cut Bank is conglomeratic 
GPikates, 23b pp Hb )S Imethewclass if teat tonvscheme ‘of 


Chen (1968) (Fig. 4), the Cut Bank sandstones are 
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litharenites and extralitharenites. Plastically-deformed 
mud clasts occur at various levels throughout the formation, 
' usually in coarser sands near the base of fining-upward 
sequences (Plate 3a). Minor components include: rock 
fragments of fine clastic sedimentary rocks and argillites, 
coal fragments and small lenses, siderite, calcite, and 
pyrite. Sloss and Feray (1948) also noted tourmaline, 
zircon, leucoxene, barite, magnetite, kaolinite, and 
possibly greenalite. No fossils have been recovered from 
the Cut Bank Formation. 

Silica cements are dominant in the Cut Bank Sandstone, 
while calcite and clay minerals are minor cement components. 
Quartz overgrowths are most common, but cementation by 
microstylolitic interpenetration of chert grains has been 
documented by Sloss and Feray (1948). The sandstones are 
generally quite friable and very porous, but conglomeratic 
beds are often more tightly cemented by calcite. 

Many cored sections of the Cut Bank are composed 
entirely of medium to coarse sandstone in massive beds, or 
exhibit only large-scale planar cross-beds or plane beds 
CEig. ey, epia tER2dIe In several cases, however, evidence of 
cut-and-fill is abundant, and smaller fining-upward units, 
conglomeratic at the base and composed of material 
occasionally as fine as fine sand to silt with thin mud 
laminae at the top, are observed. Only rarely are 


small-scale planar and trough cross-beds exhibited. 
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theslowerwcontact <offetrhe Cut Bank ccands tone is 
invariably sharp and erosional; a basal conglomerate with 
pebbles up to two centimetres in diameter is usually but not 
always present (Plates 3b, 4b). The upper contact may be 
gradational, as the sandstone passes into green siltstones 
of the Gladstone Formation. mOSshonsprroh atomthne -depos i ti-on 
of the Gladstone, however, has produced a sharp upper 
contact with mudstone, siltstone, or sandstone in some 
areas. 

The Cut Bank Formation is correlated with the Cadomin 
Formation of the central and southern Alberta Foothills. 
The stratigraphic position of the two formations is 
identical, and their mineralogical compositions are very 
similar (McLean, 19773; Schultheis and Mountjoy, 1978). 
Cobban (1955), Gallagher (1957), Shelton (1967), and Rice 
and Cobban (1977) all recognized the passage of the Cut Bank 
sandstone into a conglomerate identical to the Cadomin to 
the west in Montana. The Cadomin - Cut Bank correlation 
will be discussed further in Chapters VI and VII. 
(b) Environment of Deposition 

Several characteristics of the Cut Bank Formation 

indicate deposition in a fluvial environment: 
1. Thee formation Ttseconfiinedatowasnoughly binearavaltley cut 

sharply into underlying strata. 
2platThere Vs -abUndantwevidence,oftcut-and=fill,sindrfcative 

of the lateral migration of the depositing stream(s). 


3% No marine fossils were recovered, and the formation 
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often grades upward into the unquestionably continental 
Gladstone. 

A more specific analysis of depositional environments 
would require more detailed analysis of long cored sections. 
fei) Logi Character 

Uniform and easily-correlated log responses result from 
the lithological homogeneity of the Cut Bank Sandstone. The 
spontaneous potential curve shows a consistent, very marked 
negative (leftward) deflection because of the uniformly high 
porosity of most of the sandstone. A steady low gamma ray 
count is produced by the low clay content and siliceous 
composition of the formation. Generally uniform moderate 
acoustic velocities are shown by the sonic log, while the 
resistivity log is more variable, being controlled largely 
by the fluid content of the pore spaces. 

Thin conglomerate beds are often more heavily cemented 
than the rest of the formation, and hence are characterized 
by higher spontaneous potential values and higher acoustic 
velocities. Beds containing abundant mud clasts show higher 
spontaneous potential, higher gamma, and lower acoustic 
velocity values. 

(d) Correlation and Regional Analysis 

The Cut Bank Formation is encountered only in the 
western parts of stratigraphic cross-sections W1 - E1] 

Chitig 3 <O')e;, Wit 24 E.2 | Ghaitgs 0 BON) fain de> iW:3: BRR eGR wor? Vis tein: the 
western four wells of Wl - El and W2 - E2 and the western 


three wells of W3 - E3, it makes up the lowest part of the 
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Blairmore Group in -the Cut Bank ValTey; the isopach map 
(Fig."19) “shows that “Tt i's confined completely to the 
YVariey.. The western edgéuwof the valley is: not distinct, but 
thesesstenn edge is much sharper OF.igs.-9, 10, T1,.18, 19), 
and can be traced from the southern edge of the map area as 
far northias the Jurassic pinchout (about Townships 12. to 13 
(Alberta)). This eastern edge cannot be observed north of 
this point, as the amount of erosion of Mississippian strata 
has’ not been, studied in this thesis. “A similar feature 
called the Fox Creek Escarpment, which limits the eastern 
distribution of the Cadomin Formation in west-central 
Alberta, was outlined by McLean (1976). 

West- to northwest-trending tributary valleys breach 
the eastern edge of the Cut Bank Valley in several places, 
an excellent example being the valley in which the Chin 
Coulee oil field is located (Twps. 7 and 8, Rges. 14 and 
15W4; Fig. 33) (Oyibo, 1972). More detailed control and 
contouring of the isopach maps would show Chin Coulee and 
other small tributary valleys, which are also filled with 
sandstones of the Cut Bank Formation. 

Sandstones ee to the Cut Bank may have been 
deposited in other valley systems nearby at about the same 
time, but it is almost impossible to correlate them with the 
Cut Bank if they cannot be traced continuously from the main 
Cut Bank Valley. Such sandstones are more reasonably 
included in the lithologically heterogeneous Gladstone 


Formation. 
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Fig. 19. lsopach map, Cut Bank Formation. Crosses indicate wells with 
core control; see Fig. 3 for remaining control. Contour 
interval = 10 feet. 
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Ene ven ckness “of theegutr (Bank «i'sscontrolled primarily 
by the configuration of the erosional surface upon which it 
lies. The deepest part of the Cut Bank Valley lies a few 
miles west of the eastern escarpment, and is outlined by a 
north-south trend of Cut Bank sandstone generally thicker 
than 50 feet. Shelton (1967) noted the presence of several 
north-south trending belts of thick sandstone in the Cut 
Bank ‘field (Fig. 33), “but such belts. are not evident on the 
isopach map by Blixt (1941), and were not noted by the 
present author. Some of the thickness variations that are 
observed can be ascribed to facies changes, because at any 
place where finer facies are present near the top of the 
formation, they may be included in the Gladstone. 

The relationship of the Cut Bank Sandstone and the 
upper sandy member of the Swift Formation has been debated 
in print since 1941, when Blixt published the first 
comprehensive study of the Cut Bank oi! field (Fig. 33). He 
proposed that the Swift and Cut Bank are different facies of 
one time-stratigraphic unit, with the following reasons: 

1. The Cut Bank Sandstone and ribbon sand member occupy 
the same stratigraphic interval and have similar 
thicknesses. 

2. The -Units interfiinger “in several wells’ near the Cut Bank 
field. 

35. The ribbon sand -stsomot (transitional iwihth the underlying 
E Wikis: ‘sha ken 


Erdmann and Schwabrow (1941) agreed with Blixt's reasoning, 
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adding that the ribbon sand and Cut Bank interfinger in 

welis near the Border - Red Coulee fields as well. Lack of 

paleontological data led these workers to believe that the 

Cut Bank and Swift were both Cretaceous because of the 

similarity of the Cut Bank and the Blairmore conglomerate of 

the Alberta Foothills. Weimer (1959) knew that the ribbon 
sand was of Jurassic age on the basis of fossil evidence, 
and was therefore forced to assign the Cut Bank, which he 
interpreted to be a nearshore sandy equivalent of the marine 
ribbona sand,).to ther wurass ic ass we 1. He also observed the 

Cut Bank and Swift to interfinger in a section at Badger 

Creek, west of the present study area, although he has more 

recently expressed some doubt regarding the validity of this 

observation (Weimer, pers. communication). 
The following observations refute the arguments 
presented in the previous paragraph: 

1. The Cut Bank - Swift boundary is sharp and erosional; 
the "interfingering'' described by several workers can be 
ascribed to the observation of coarse marine bar sands 
in the Swift which lithologically are very similar to 
the Cut Bank. 

2. The depositional model proposed for the Swift does not 
require that the ribbon sand grade upward from the Swift 
shale. 

3. The Cut Bank was deposited in a fluvial environment and 

~“not as a beach or as shallow marine sand bars equivalent 
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The Cut Bank Sandstone is'sthus *younger ‘and 
unconformably overlies the Swift Formation. Most recent 
workers, including Cobban (1955), Glaister (1959), 

Oakes HC7966))),) (Mel lorm-( 1967 ke tSheltan: (1967); Walker (1974), 
and Rice and Cobban (1977), have recognized the 
stratigraphic separation of the Swift and Cut Bank, but none 
have specifically refuted the arguments for correlation with 
the "Swiiet prerbbon asiand - 

The precise age relationships of the Cut Bank Valley 
and the Cut Bank Formation are difficult to interpret, 
largely because of the great length of time available (about 
35am wel torr (years: t= Pig: fe2t1on. A major eustatic sea level 
drop, which occurred in the early Neocomian (Vail et al., 
1977), may have reduced base level sufficiently to promote 
deep incisement and valley formation. Alternatively, more 
local tectonic movements and consequent availability of 
sediment may have been the most important factors; in this 
case, it would not be possible to determine the precise age 
of valley formation or the possible existence of multiple 
valley-cutting events (see discussion of Whitlash Valley in 
Gladstone section below). in sei ther eases ithere rs no clear 
indication over what time interval during the Early 
Cretaceous the Cut Bank Formation accumulated. 

Gladstone Formation 
(a) Type Section and Description 
Mellon (1967) designated the type locality of the 


Gladstone to be along Gladstone Creek in Township 5, Range 2 
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W5 Meridian (Fig. 1). Here the formation is 250 feet thick 

and consists of three informal members: 

1. A basal, medium- to coarse-grained siliceous sandstone 
and conglomerate, 43 feet thick. 

Pa Dark grey, green, and red shale interbedded with 
calcareous siltstone and fine-grained sandstone, 172 
Feet sthick. 

S% Interbedded dark grey calcareous shale and silty 
limestone with abundant freshwater invertebrates, 35 
feet thick. 

The present author has accepted McLean's (1977) 
suggested revision of the Gladstone which excludes the basal 
sandstone, and therefore, the Gladstone as mapped in this 
thesis comprises only the upper two members. 

Heterogeneous lithologies distinguish the medial 
member. Mellon (1967) did not discuss this member in 
detatl, -butehts descriptions at other? localittress show that 
it is correlated on the basis of stratigraphic position and 
general character rather than by matching specific beds or 
horizons. 

The upper member of Mellon's Gladstone is the 
'Calcareous' member described by Glaister (1959). At the 
type section, Mellon distinguished three distinct limestone 
units separated by shaly intervals, but Mellon's and 
Glaister's descriptions of other sections make tt clear that 
then"Galcareous" *memberican”™be correlatedronly by its 


general lithology of dark calcareous shales, thin 
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limestones, and calcareous siltstones and sandstones, rather 
than by specific markers or sequences. 
(b) Lithology and Fossil Content 

A wide variety of lithologies are exhibited throughout 
the study area by the Gladstone Formation. Volumetrically 
dominant are variegated, poorly-sorted mudstones, silty 
mudstones, and siltstones, which are coloured maroon, 
grey-green, light to dark. grey; and occasionally yellow to 
brown. Thick monotonous sequences of mottled maroon and 
greenish mudstones and silty mudstones are particularly 
common, containing only a few beds with some irregular 
carbonate nodules. Grey and green-grey fine-grained 
sediments are often characterized by abundant small (1 mm.) 
siderite nodules. Organic remains are rare, although plant 
fragments can be found in the medium to dark grey rocks. 

Sandstones are abundant and ar. very similar to those 
of the Cut Bank, being composed primarily of siaeie and 
chert (Plate 5b). Gladstone sandstones are generally finer 
and more guartzose than Cut Bank sandstones, although some 
beds at the base of the Gladstone are nearly identical to 
the Cut BankwPlate 36) In an area surrounding the Grand 
Fomks*oilifield: (Twos. 11313, coRges s° h2-)4iWh CA liber ta)), 
Gladstone sandstones are very quartzose, even where 
medium-grained (Plate 6a). Most Gladstone sandstones fall 
into the sublitharenite to litharenite categories of 
Ghen’s%( 1968) Fehkassuferca tions iwi thsonby trare 


extralitharenites or quartzarenites. Minor components 


fe aes 


imac Bis ives i we ad ii 


nu) chan aneHamR hv 


Ree ea Veinas epygn ea 

Vy bare aaid ned Ui aed jen) pons) 
oe ora anh Wh Ng ‘inane. asta 
its | at wine me sis Aye i | un ‘tay mi 


ee 


7 iv 


) 9, mae ‘a 


ae N. ‘ pis ai 4 j hy ; 


aT 
Y 


ee abled: tom 


pitas “a fi 
i 


a 
i 


saan i oa ¥, Hyman tle tet 
Oi A 


Ne 
i hy } We 


1S sosntanaaal ws 


94 


melude "siderite nodules, detrital carbonate grains, 
weathered feldspars of various types, and carbonaceous 
ongante debris; "occastonalily inthe formeof coaly fragments 
OF Tpartrngs. Silica is the primary cement, although not as 
dominant as*in, the Cut*Bank, whivVe"élay) particealar ty 
kaolinite, and calcite are other important cementing agents. 
The proportion of cement is extremely variable, so that the 
degree of induration and amount of porosity varies widely. 

Sandstone sequences of the Gladstone generally fine 
upward, and sometimes exhibit large-scale planar 
cross-bedding and plane bedding, and more rarely smaller 
frouvgh tandiplanar-cross=beds *((F tg." 7) Si rExamples ‘of 
cutrand-fPrrl and of “intervals possessing abundant mud clasts 
can be found, but are rarer than in the Cut Bank. Gladstone 
sandstone beds are rarely thicker than 20 feet; each usually 
lies on a sharp basal contact and grades into siltstones 
toward the top. Sandstone bodies are lenticular and cannot 
be correlated except over small areas with closely-spaced 
well control, such as in the Fred and George Creek field in 
northern Montana? (Branch, 1976) *(Figs 33). 

In the western part of the study area, the "Calcareous" 
member is recognized. Black calcareous shales and beds of 
micritic tan argillaceous limestone no more than a few feet 
thick are most characteristic of the "Calcareous" member, 
but abundant calcareous siltstones and lithic sandstones 
also exist. These coarser beds are very similar to 


siltstones and sandstones in the lower part of the 
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Gladstone, and consequently can be recognized with 
confidence only where they overlie the more distinctive 
limestone and shale beds. As noted in part (a), the 
"Calcareous'' member is distinguished on general lithology 
only, as “there are no distinctive «marker beds to use for 
correbatioan: Formation top determinations made by different 
workers vary widely, because most correlations depend 
heavily on geophysical log data, which are almost always 
insufficient to distinguish the "Calcareous'" member from the 
rest of the Gladstone. 

The contacts of the Gladstone Formation with the 
surrounding formations vary in character. East iof (the Out 
Bank Valley, the base of the Gladstone represents the major 
Jurassic - Cretaceous unconformity, and so the contact is 
very sharp, especially where a basal Gladstone sandstone is 
developed (Plate 3c). Where a basal Gladstone sandstone 
Lhessover accoarsetbar tsandtof the Swift Formation, <itvis 
nearly impossible to distinguish the two on geophysical 
logs, although they usually can be separated in core. West 
of the eastern margin of the Cut Bank Valley, where the 
Gladstone overlies the Cut Bank Sandstone, the contact is 
gradational ‘or ‘at*sleast conformable. “The“upper contact of 
the Gladstone generally marked by feldspathic sandstones of 
the Beaver Mines Formation sharply overlying finer-grained 
Lithetog tes tof  therGladstone. 

Fossils are rare in the Gladstone below the 


"Calcareous'" member. Megafloral and microfloral fossil 
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assemblages composed entirely of terrestrial plant remains 
have been described from both the Gladstone and Beaver Mines 
(see Chapter V), but most have actually been recovered from 
the Beaver Mines. More than 50% of the Gladstone samples 
processed for palynological analysis for this thesis failed 
to yield any identifiable floral remains, although in 
several! cores, grey-coloured intervals bear abundant root 
traces (Plate 3d). 

A much more complete suite of fossils is present in the 
"Calcareous' member. Fresh-water invertebrates, including 
pelecypods, gastropods, and ostracods are locally so 
abundant that some thin beds can aimost be considered to be 
coquinas. The palynomorph assemblage is more diverse than 
that in the underlying part of the Gladstone, and is 
characterized by taxa indicating a fresh- to brackish-water 
environment (S.A.d. Pocock, C. Singh, pers. communication). 
Loranger (1951) described an identical microfossil zone in 
the Blairmore of central and southern Alberta and called it 
the Metacypris persulcata zone after a characteristic 
ostracod. Mellon and Wall (1963) disputed Loranger's 
identification-of iM. persulecata and other 2ostracods, and 
Mellon (1967) referred to the fauna as the Protelliptio 
hamili fauna, after the dominant pelecypod. More commonly, 
the term "ostracod zone'' is used to signify the informal 
biostratigraphic zone, which is not synonymous with the 
lithostratigraphic "Calcareous' member. The two are largely 
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other stratigraphic ‘levels (Mellon, 1967). 
(c) Environment of Deposition 

The Gladstone Formation below the "Calcareous'" member 
was deposited in non-marine, dominantly fluvial 
environments, as indicated by its lithological 
heterogeneity, sedimentological features (as discussed in 
the following paragraphs), abundance of reddish beds, and 
terrestrial floras and faunas (Bell, 19563; Pocock, 1962; 
Mellonoand “Wall, 1963). 

Sandstones in the Gladstone were deposited in fluvial 
channels, forming lenticular bodies surrounded by 
continental finer-grained sediments. The bulk of the 
formation was deposited over floodplains, as indicated by 
the presence of root traces, siderite and other carbonate 
nodules, and plant remains (Collinson, 1978). Red-coloured 
mudstones and siltstones stained by oxidized iron indicate 
only periodic wetting, which occurs in arid areas with a low 
water table, while grey-coloured beds with root traces and 
siderite nodules were deposited under more reducing 
conditions associated with a high water table 
(Collinson, 1978). The preponderance of red beds in the 
Gladstone suggests an arid environment with only limited low 
areas of backswamp deposition. 

Much wetter environmental conditions are represented by 
strata of the "Calcareous" member. lts fossil assemblage 


has been interpreted to denote fresh or fresh to brackish 
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water by various workers (Loranger, 1951; Glaister, 1959; 
Weniont and Wali, et9O3e> Shed. seocock, ipers! teommuinieattion; 
C.¢Singhs pers. communication). A lacustrine model of 
deposition accounts well for the abundance of dark 
calcareous shales and thin carbonates (Reineck and 
Sainoh, OFS 7G) Although Wrttte coresof -thescoarser (strata of 
the 'Calcareous'" member has been observed, it may be 
postulated that these strata were laid down along shorelines 
or in lacustrine deltaic and bar complexes. Oakes (1966) 
discussed such a lacustrine depositional model for the 
"Calcareous'" member (which he called the Moulton member 
(Tableo3)) tn theo North Cut Bank field) (Two) 37Ny Rges 4&W 
(Montana)). His model, although based on only a small area, 
can probably be applied to the "Calcareous' member over most 
of its range in the thesis area. 
(d)  Log* Character 

Below the "Calcareous'' member, the heterogeneity of 
lithological sequences in the Gladstone Formation precludes 
the development of log features correlatable over the study 
area, but does serve to distinguish the Gladstone from the 
more uniform Upper Jurassic formations. The overlying 
Beaver Mines Formation is equally heterogeneous, however, 
and the two can be separated with confidence only where a 
basal Beaver Mines sandstone can be recognized. 

The "Calcareous" member is more distinctive where 
well-developed. A sharp log "kick" of high resistivity and 


acoustic velocity and low gamma emission marks the 
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argillaceous limestone, as demonstrated at 3580 feet in the 
Bow Valley Tempest (10-30-9-19W4) well on stratigraphic 
Gross 7sect ton Wis EV Crikg eo) 2! (Low *res vsitivity and 
acoustic velocity values, high gamma counts, and positive 
spontaneous potential deflections denote the dark shales. 
Sandstone and siltstone bodies in the member do not provide 
unique log signatures because of their irregular 
distribution, and therefore, unless the distinctive 
limestone response is found, it is almost impossible to 
distinguish the "Calcareous'" member solely on log character. 
(e) Correlation 

Correlation of the Gladstone is made difficult not only 
because of the lack of distinctive log responses, but 
because it was deposited on an erosional surface with 
considerable local relief and was later subjected to 
variable erosion before being covered by the Beaver Mines 
Formation. Despite these problems, examination of the 
stratigraphic cross-sections and isopach map provides some 
insight into ipat terns Fand Sconitrol of "depos ition . 

bn “crosisssiection Wr bl *CRi gis *O)y the tGkadstone i-s 
present in the 10-30-9-19W4& (Alberta) well, although it is 
Gui Pe ech ins A thin sequence of fine-grained sediments 
associated with the deposition of the Cut Bank Formation 
makes up the lower Gladstone, whereas the 'Calcareous" 
member is fully developed. The lower Gladstone pinches out 
justiteas t of “the: nextawell~on= the ‘section; but the 


"Calcareous" member can be traced to the edge of the Cut 
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Bank Valley in 4-27-10-16W4. The existence of Gladstone 
strata in 4-16-10-9W4, 11-24-9-8W4, and 4-9-10-6W4 is 
problematical, but in the eastern three wells, the 
abruptly-increased thickness of Jurassic strata signifies 
the presence of an erosional escarpment facing west, on top 
of which little or no Gladstone strata were deposited. 

In cross-section W2 - E2 (Fig<—t0), the entire 
Gladstone is thick in the western four wells above the Cut 
Bank Sandstone. The difficulty in’correlating the 
"Calcareous'" member solely on log data is illustrated east 
of; 4-2-1-16Wh; at some point the lacustrine strata of the 
member grade into floodplain deposits with similar log 
character ts ties; ebutrthe precise: Hocationvistunctearst Ehe 
formation thins sharply in 7-18-1-12W4& over the Cut Bank - 
Whitlash interfluve. A distinctive sequence of two thin 
sandstones with intervening and overlying finer strata, 
hice can be traced several townships to the south, fills 
the Whitlash Valley in 6-1-1-11W4. To the east, the 
Gladstone thins and is generally fine-grained, implying that 
little net deposition took place except in 6-29-1-8W4, where 


a basal sandstone reflects the presence of a smal! stream 


valley. 
in the northermetwocwe llistof isecthiames t= NI €Fig. 992). 
the Gladstone lies directly on Mississippian beds and 


pinches out against a north-facing erosional escarpment 
between 4-20-13-13W4 and 7-30-12-13W4. As far south as 


15-17-7-14W4, little or no Gladstone is preserved over the 
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JUPaASSKC, Except” in locath iver ley sr. An example of such a 
valley is in 5-36-11-14W4, where 50 feet of Gladstone 
quartzose siltstones can be related to a complex system of 
lower Blairmore drainage outlined by Berry (1974) in the 
Grand Forks area. South of 4-32-6-14W4, the Gladstone is 
well developed, especially from 7-18-1-14W4 to 

NWNW 16 32N 3W (Montana), where the sequence consists of a 
medial sandstone surrounded by finer facies. 

Séctionss24-eN2 URig= (13 )"alsormilbus trates: the. northern 
escarpment and the presence of a thick section of Gladstone 
south of Township CAlberta) 

(f) Regional Analysis 

The Gladstone thins to a zero edge in the eastern part 
of the study area, but thickens sharply in the extreme north 
and to the southwest, and along a north.- south trend in the 
centre of the risopach maps Ghia. 120). 8 ors distribution: is 
best explained by interpreting the study area to have been a 
broad upland during the time of Gladstone deposition, over 
which sedimentation took place primarily in major stream 
valleys such as the Whitlash Valley, which corresponds to 
the north - south trend where the formation is abnormally 
thick. Rapid ythickening of sthe Gladstone tn the-northern 
part of the thesis area corresponds to the abrupt erosional 
edge marking the northern margin of the southeastern 
platfLorm.of Junassmicustrata.,  lihis escarpment .extends 
northerly in the extreme northeastern part of the thesis 
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Fig. 20. Isopach map, Gladstone Formation. Crosses indicate wells with 
core control; see Fig. 3 for remaining control. Contour 
interval = 20 feet. 


oe ~ 


Of 


SWAP: 


\ \ \ hig 


a 


“aala AS rey 


iw, allow #iozibni ashi! enoltomne3 sngdeboid eo anacel 0S ht 
\woited Jorines Cie a = - ese jlotingds e100 ' 
: Mi inet OS = aclu pends 
f mS | ; ©. | ys hs 0 hy Ty | mae : F 

(aries my ne ae eG Re nA eee ' aes Tree 


103 


the south in Ranges 11 to 14W4, where the Grand Forks stream 
system eroded much of the Jurassic (Berry, 1974). 

Strata of the "Calcareous' member are limited to the 
Cut Bank Valley west of the broad upland, as the 
lacustrine-associated environments in which they were laid 
down were probably bounded by the remaining relief on the 
eastern edge of the Cut Bank Valley. D. James (pers. 
communication) has found that "Calcareous" member strata 
increase in thickness and show more evidence of open-water 
GéEposition to the north and west. 

Christopher (1974) mapped strata equivalent to the 
Gladstone only in major valleys incised fn the broad upland 
of the*Swift Current platform (fig. 24), which is’ the 
eastern continuation of the upland of the present study 
area. He postulated pre-Blairmore uplift of the Swift 
Current platform, which caused stream rejuvenation, 
deposition of valley-fill sediments, and accelerated 
interfluve erosion. 

The Whitlash Valley and associated minor valleys were 
probably cut in response to the same conditions which caused 
erosion*®of ‘the Cut®Bank'Vaidey. @Chr istopherys 
interpretations indicate that local tectonic controls were 
more important than eustatic sea level changes in valley 
incisement. Basal sands of the Gladstone may have been 
deposited simultaneously with the Cut Bank Formation, their 
finer grain’ size>being attributable to greater distance from 


the western source area. 
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(g) Other Stratigraphic Terms 

Perhaps the most overworked and least clearly defined 
stratigraphic unit in the Gladstone Formation is the 
Sunburst, an informal member used by early workers to refer 
to a local Lower Cretaceous reservoir sandstone in the 
Kewine> Sttnbues tf pehd> Ch igs 633)" CHager > +1923); 
Collier, 1929; Howell, 1929; Romine, 1929). Dobbin and 
Erdmann (1934) extended the Sunburst to the Cut Bank and 
Border - Red Coulee fields to the west (Fig. 33), even 
though they realized the sandstones were not exactly 
correlative. They also used the term "Sunburst zone" to 
include associated red and green siltstones and mudstones as 
welhwasrthe SunburstxsandscSinceithens the<Sunbursit ‘has 
been "recognized" as far north as the Wayne field (Twp. 27, 
Rge. 20W4 (Alberta)) (Erickson and Crewson, 1959), as far 
south as Great Falls (Walker, 1974; Burden and 
Hopkins, 1981), and for substantial distances east and west 
Gf etheoKeviin’= 7Sunburst file lids 

Thexterm’ "Sunburst" should besrestricted ito its 
original ranger in ithe Kevin — eSunbur's tif retd:. lt would be 
most useful if referred specifically to a type section, 
although it appears that almost all workers agree on its 
boundaries: in this warea. 

Most of the other names used for informal 
lithostratigraphic units of the Gladstone in the study area 
have been applied to localized sequences, usually sandstone 


bodies. These names are often useful, as they are normally 
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restricted ste trather -sharplyadefinedistrataijin aisingie 
thelhd«onporoupsof +f te.lts:: Some are clearly redundant, and 
their origin can<be attributed: tojthe ‘lack .of correlation 
with previously-defined terms. For example, the "brown 
lime" of Oakes (1966) in the North Cut Bank Field (Twp. 37N, 
Rae s 4WyCUMontana))- }s.c hearnly fpart of. the «'Galeareous"! 
member. Some names have been used by various workers to 
refer to completely different strata, and would best be 
eliminated. A good example is the Moulton sandstone, found 
in small fields in the Border - Red Coulee - North Cut Bank 
area, which is composed of quartzose sandstone according to 
some workers, and andesitic tuffaceous sandstone according 
to others. Additional names of at least local significance 
include: the Lander sand (Cut Bank field), various Sunburst 
and ''lower Mannville'’ subdivisions, and the Manyberries sand 
(extreme southeastern Alberta). 

Lnisummary ysthesws! puhobogicalevaritabil ity sof cthe 
Gladstone dictates that informally-named lithostratigraphic 
units should be correlated only over small sharply-defined 
areas of no more than a few tens of square miles. Only the 
"Calcareous' member has proved to be sufficiently 
disttinethive toamer ht georre lation over ayharge parttof athe 
study area. 

Beaver Mines Formation 

The Beaver Mines Formation is discussed briefly here in 

order to clarify the upper boundary of the Gladstone 


Formation. 
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A composite section exposed on Mill and Gladstone 
Creeks in Township 5, Range 2 W5 (Fig. 1) makes up the type 
Beaver Mines Formation. Mellon (1967) found this section to 
be 930 feet thick, although he noted that the thickness 
varies substantially over a small area near the type 
locality. He measured a 430-foot-thick lower sandy division 
sharply overlying the "Calcareous'" member of the Gladstone, 
the basal part of which consists of several feet of dark 
green-grey ‘shave and siltstone grading’ Up” toa" 35~foot 
green, fine-grained, cross-~bedded sandstone containing 
lenses of volcanically-derived pebbles. Two beds composed 
of green, medium- to coarse-grained, feldspathic sandstone, 
LO and 85 feet thick, are also present in this lower 
division. The intervening and overlying beds consist of 
dark green-grey shale, siltstone, and fine-grained 
sandstone. Mellon's upper division of the Esgaver Mines, 500 
Feet threk, ~“fs*dominated by fine-grained rocks; giecera rly: 
varicoloured mudstones, with a decreasing proportion of 
sandstone toward the top. 

Several cored sections of the basal part of the Beaver 
Mines were examined in the present study area. Basal 
sandstones, where present, are quite immature, containing up 
to 20% matrix, usually composed of bentonitic clays which 
swell upon contact with water (Plate 6b). Major grain 
components include 10 - 25% feldspar, abundant volcanic rock 
fragments, and usually less than 40 - 50% quartz and chert. 


Minor components include dark- and light-coloured micas, 
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chiomrire,; "detrital ecarbonatemgrains ,-andtabtndant plant 
fragments. In Chen's (1968) classification, sandstones of 
the Beaver Mines Formation range from feldspathic 
litharenites to extrafellitharenites. 

On geophysical logs, Beaver Mines sandstones are 
difficult to recognize and «correlate. High clay and 
feldspar contents produce high gamma ray counts normally 
associated with more argillaceous rocks. In addition, the 
abundant clay matrix fills pore spaces and thus suppresses 
the negative spontaneous potential deflection which usually 
typifies sandstones. Sonic and resistivity responses are 
quite variable, although they can be useful for local 
Comte lations. 

Cores of the Beaver Mines were not studied sufficiently 
to permit detailed environmental interpretations. Continued 
sedimentation under a continental - fluvial depositional 
regime can be assumed on the basis of the abundance of 
floodplain-type fine sediments and a fossil assemblage very 
similar to that of the Gladstone. Lacustrine or marginal 
marine influence in Beaver Mines strata has been reported 
(D. James, pers. communication) immediately to the west and 
northwest of the study area. 

The’sharpsilrthetogical contrast betweenethe "more 
mature, very siliceous Gladstone sandstones and the less 
mature, feldspathic Beaver Mines sandstones marks the 
boundary between the two formations. Where the "Calcareous" 


member is presentcmunere jis usually little difficulty in 
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recognizing the contact. Where the Beaver Mines lies 
directly on the lower Gladstone, however, accurate picks 
depend itupon ic losely=spacedcorescontrodl, tas cthetst htstones 
and mudstones of the two formations are virtually 
indistinguishable. In such cases, the base of the Beaver 
Mines was picked at the lowest occurrence of feldspathic 
argillaceous sandstone beds. Over the paleogeographica] 
upland where the Gladstone is thin or absent, it is 
sometimes difficult to determine whether the basal 
Cretaceous sandstone lying over the eroded Jurassic surface 
Baiowes to the Gladstone or to the Beaver Mines. 

In cases where sandstone bodies are of mixed provenance 
(see Chapter VII|), some arbitrary definition is required to 
separate Gladstone from Beaver Mines sandstones. Ft ais 
proposed here that a reasonable cut-off is a 5% feldspar 
content in sandstones. In the western part of the study 
area and immediately to the west and northwest, however, in 
the area currently being investigated by D. James, there 
exist very quartzose Gladstone-type sandstone bodies above 
feldspathic Beaver Mines sandstones. lt is suggested that 
these quartzose sandstones be included in the Beaver Mines 
Formation, because they represent localized short-term 
deposition of quartzose sand, probably derived from older 
sediments, in the midst of the Beaver Mines depositional 


regime. 
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V. AGE RANGES OF LITHOSTRATIGRAPHIC UNITS 


Pitroductory remarks made’ in Chapter | indicated that it is 
very difficult to determine precise ages for Late Jurassic 
and Early Cretaceous fossil assemblages. Progress is now 
being made, however, toward resolving differences among 
interpretations based on different fossil groups from 
different areas. 

Figure 21 summarizes the age ranges of Upper Jurassic 
and Lower Cretaceous strata in the study area. Because of 
different paleontological interpretations and the poor 
quality of assemblages preserved in some strata, most 
formation boundaries are shown approximately and serve only 
to indicate the most likely age ranges. Three stratigraphic 
columns are shown: one for the part of the study area west 
of the Sweetgrass Arch, one for the part east of the arch, 
andfone. for the partenoptnwot ethemJurass | caminchout 
(Townships 13-15 (Alberta)). The east and west columns 
together can be viewed as a west-to-east "cross-section" of 
the area. 

The reader. is referred to Chapter Vay fig.) 22), and 
Table 3 for correlationtof stratigraphic units discussed 


below which are outstdetof the study area. 
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The dominantly marine strata of the Ellis Group and 
Shaunavon Formation contain an abundance of fossil 
megafaunas, microfaunas, and microfloras which can be used 
for age and paleoenvironmental determinations. 

Megafauna 

Megafaunal zones described by Imlay (1947, 1952a,c, 
1953, 1962) provide the most useful and rigorously-defined 
dating scheme. Ammonites are the most important index 
fossils and provide the basis for correlation with the 
European standard zones, but other molluscs such as bivalves 
and belemnites are also significant components of the North 
American zones. hkovtdate .thetiormattons of theibtihiissGroup, 
Imlay collected from the type sections and from numerous 
exposures on the flanks of Tertiary intrusives in Montana, 
including the Sweetgrass Hills. Similar age ranges were 
interpreted by Frebold (1957) for megafaunal assemblages 
collected from correlative strata in the Fernie Formation of 
the Alberta Foothills and Front Ranges. 

As it is not feasible to make extensive megafaunal 
cobhections from subsurfaceslocahities, umicrofoss i | 
assemblages must be used as the basis of subsurface 
Correlations. 

Microfauna 

Microfaunal assemblages of the Upper Jurassic of the 

western interior United States were described by Loeblich 


and Tappan (1950a,b), Lalicker (1950), Swain and 
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Peterson (1951, 1952), and Peterson (1954), as outlined in 
Chapter 1l1.° Wallt*(1960) described the Jurassic microfaunas 
of Saskatchewan but deemed them unsuitable for detailed age 
dating. He found that the foraminifera are generally long 
ranging and that the ostracods, while better index fossils, 
are usually less abundant. He correlated ostracod and 
foraminiferal assemblages with those of the Ellis Group, and 
dated them solely on the basis of those correlations. 
Brooke and Braun (1972) constructed a detailed microfaunal 
zonation scheme for the same strata, which includes seven 
primary assemblages and three sub-assemblages comprising 51 
ostracod species, 108 foraminifera species, and at least 
three charophyte species. They traced their assemblages 
across southern Saskatchewan, relating them to the Williston 
Basin lithostratigraphic nomenclature, and also traced them 
to. two “outcrop sections: tn the Little Rocky Mountains %of 
north-central«Montana. Unfortunately, they did not relate 
the microfaunal assemblages directly to Imlay's megafaunal 
zones, and hence were unable to provide precise age ranges. 
Their microfaunal assemblages are sufficiently well defined, 
however, to be useful in subsurface stratigraphic 
correlation. 
Microflora 

Pocock (1962, 1970, 1972) has published most of the 
FEeCentlworkvonsJUrassrcomrerofloras tof western yNorth 
America. He described the composition of seven Jurassic 


flohalezones Hnvhisero,2°%oeper, ‘and definedvfarrtly 
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sharply-bounded age ranges which are significantly younger 

than those of Imlay's megafaunal zones. The present author 

regards the megafaunal ages as more reliable than the 
microfloral ages for the following reasons: 

im -aMhosteof the microfiiioral taxadeane? relatively long 
ranging; Pocock assigned age ranges by comparing the 
percentage of species common to assemblages from the 
upper Vanguard Formation (now Group) in Saskatchewan 
(Fig. 22) and assemblages from strata in England. 

2 Pocock maintained that the upper Vanguard contains the 
ostracod "Metacypris" pahasapensis which is no older 
than Kimmeridgian. However, at another point (1962, 

p. 6), he expressed doubt as to the value of M. 
pahasapensis as an age indicator. Klingspor (1958) 
regarded this species as an indicator of a marine 
environment and did not use it in age determinations, 
and Be ey: (1974) also disputed its value as an 
indexsfossit. 

3% Pocock correlated the upper Vanguard with the basal part 
of the Kootenay Formation in the Alberta Foothills 
(basadapart)soMonnrissey seemege yy: Kootenay Group of 
Gibson’ sellS7 9) S@cevised nomencihature Chigte22))20 This 
correlation is questionable, as the basai Kootenay may 
be as young as Portlandian (see Chapter VI). 

hinalhy;e@PocockaGl S62) eh imsedigwineardiscussion)of tpreéevious 

workeon Jurassic -*Cretaceous dating in western. Canada, 


expressed considerable uncertainty regarding exact dating of 
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UpperpJugassiic strata ibysemeans of microfloral ‘and 
microfaunal analysis. 
Conclusions 

Age ranges of the megafaunal zones defined by 
imiay.( 1947, .1953) areuused to-date the Jurassic strata.of 
the study area. At the present time, the microfossil 
assemblages alone are useful only for rough stratigraphic 
correlation, as they are insufficiently subdivided to 
document the extent of age variations resulting from onlap 
and erosion of formations. Studies directly relating the 
megafaunal, microfaunal, and microfloral assemblages in 
several outcrop sections would provide tools for much more 
accurate dating and correlation of subsurface Jurassic 
strata over all of the western interior. 

No Jurassic strata exist in the northern part of the 
arneavas the result of pre-Blairmore .erosion.(Fig., 21). In 
the south, increasing age ranges of the formations away from 
the centre of the area reflects the presence of the 
ancestral Sweetgrass Arch. Onlap during marine 
transgression caused the basal beds of each formation to 
become younger toward the arch crest, while prolonged 
exposure promoted increased erosion when the seas regressed. 
Deep erosion of the Cut Bank and Whitlash Valleys produced 
the irregular top surface of the Swift Formation. These 
subtle relationships are documented by lithological 


correlation, and hence are shown only schematically. 
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By Cretaceous Formations 

Continental strata of the Blairmore Group host only 
floral and scattered microfaunal remains, and hence are much 
more difficult to date than the marine Jurassic strata. 

Marine strata equivalent to the Biairmore can be dated with 

confidence, (butelie-far to. the northsof therstudy area. 

Megaflora 

Bell (1956) published a complete and detailed 
investigation of Lower Cretaceous megafloras of western 

Canada. Two important conclusions resulted: 

1. Three distinct floral assemblages can be recognized, 
which characterize the Kootenay Group, lower to middle 
Blairmore, and the upper Blairmore. 

an Almost alleofethe: floral taxa are faintly otong-ranging, 
so that it is difficult to assign precise age ranges. 

The Kootenay and lower Blairmore floral assemblages share a 

large number of taxa, and are composed primarily of 

conifers; ferns; ¢cycadssnandiginkgos. f[nacopntrast, “the 
upper Blairmore flora, which Bell found to be separated from 
the lower flora by about 200 feet of barren strata, is 

dominated by angiosperm taxa. Mellon and Wall (1963) 

collected a flora transitional between the two Blairmore 

assemblages from the northern Foothills. 
The lower to middie Blairmore assemblage characterizes 
all the Cretaceous strata investigated in this thesis. 

Bell (1956) interpreted the most likely age of this 


assemblage as early Albian or Aptian, largely because he 
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felt that it was not much older than the upper Blairmore 
flora, which he dated with confidence as Albian. Bell did 
realize that his arguments were not conclusive, however, and 
stated that a Barremian age for the lower Blairmore 
assemblage was possible. Gussow (1960), using the same 
evidence and comparing it with floras from the English 
Wealden strata, postulated that Blairmore deposition spanned 
earliest Cretaceous to Aptian time. Mellon (1967) pointed 
out that almost all collections of the lower Blairmore flora 
had been made from the Beaver Mines Formation, and that the 
Gladstone Formation is usually barren, an observation which 
casts even more doubt on the lower age range of Btairmore 
deposition. Clearly then, the megafloral evidence alone is 
insufficient for detailed age determination of the lower 
part of the Blairmore Group, and is useful only as a rough 
eorretation *tool < 
MRCrofrora 

A comprehensive treatment of the Mannville microfloras 
was published by Pocock (1962), although his analysis was 
restricted to the lower part of the Mannville Group, 
equivalent to the Gladstone and basal Beaver Mines of the 
present nomenclature in southern Alberta. Pocock found that 
the palynomorph assemblages of the Deville, "Quartz sand", 
"Calcareous", and "Glauconitic' members (Table 3) are all 
GTrStunct bunts tilt Utarary Vsermitare Envy rronmenta. 
Variations, partircutanrly Sin ’the mar itne- inf tuenced 


"Calcareous" and "Glauconitic' members, explain some of the 
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differences. Pocock interpreted the Mannville assemblages, 
by comparison with English Wealden assemblages, to indicate 
that the Deville was deposited during the Berriasian to 
Valanginian, the "Quartz sand" during the Barremian, the 
"Calcareous'' member during the upper Barremian, and the 
"Glauconitic" sand during the Aptian. As was the case for 
the Jurassic microfloras and Blairmore megafloras, however, 
many of the Mannville microfloral taxa are long ranging and 
consequently of limited use in age determinations. 

Pocock (1976) later changed his age interpretations to agree 
essentially with those of Singh (1964) (see below), although 
there appear to be significant differences between the 
groups of species regarded as index fossils by the two 
workers. On the basis of palynomorphs (particularly 
dinoflagellates) not documented in his earlier studies, 
Pocock assigned an Aptian age to the Deville and "Quartz 
sand'' members, and a late Aptian age to the "Calcareous" 
member. 

Singh (1964) considered only index species of 
microflora (those with a recognized restricted stratigraphic 
distribution) in the Mannvilie of east-central Alberta. 
Detailed comparison with English Wealden floras led him to 
conclude that the Deville is no older than late Barremian 
and that the Ellerslie (equivalent to the "Quartz sand'') is 
Aptian in age. He dated the '"Calcareous' member, which 
contains no index fossils younger than those in the 


Ellerslie, as early to early middle Albian on the basis of 
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its stratigraphic position between the Aptian Ellerslie and 
the overlying marine middle Albian Clearwater Formation. 
Microfauna 

Few microfaunal taxa have been recovered from 
continental Blairmore strata of the thesis area, although 
more diverse assemblages have been recovered from 
correlative marine and transitional strata to the north. 
The "“ostracod zone", described in Chapter IV, comprises the 
only coherent Cretaceous microfaunal assemblage below the 
Beaver Mines Formation in the thesis area. Loranger (1951) 
assigned an Aptian age to the "ostracod zone'', based only on 
its association with the pelecypod Unio (Protelliptio) 
hamili. Badgley (1952) assigned an early Albian age to the 
"zone"}) again with littletexplanation. Gussow’ (1960) 
interpreted a Berriasian age for the fauna based on the 
presence of Metacypris pahasapensis which, as previously 
discussed, is a facies-controlled fossil and not a reliable 
age indicator. Mellon and Wall (1963) and Mellon (1967) 
concluded that the microfauna of the Protelliptio hamili 
zone (as it was called by Mellon (1967)) are not suitable 
fortage tdetenrmiinaticon yeas the constiruentelaxa are: too! long 
ranging. 
Megafauna 

Marine megafaunas with well-defined age ranges do not 
exist in the Blairmore of the study area, but have been 
recovered in abundance from equivalent marine strata in 


northern Alberta and British Columbia (Stelck et. al, 1956; 
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Stelok;epers. communication) #°sTheserstrata can therefore be 
dated precisely in terms of standard ammonite zones 
(Jeletzky, 1967). Associated microfossil assemblages can be 
used to continue correlations into marginal marine strata 
GStelck, st s ah, 19563; Mellon sand Wall, "h963; Mellon; °1967; 
Stelck and: Kramers; 1980). Further extrapolation of the age 
ranges determined by marine megafaunas into continental 
deposits must be based entirely on lithostratigraphic 
correlation, although significant errors can occur because 
er diachronbem of deposition. Ages determined in this 
manner agree well with the microfloral ages in the Mannville 
of central Alberte, but they cannot be applied with as much 
confidence to the Blairmore of the study area. 

An important recent development is the discovery of the 
ammonite Freboldiceras in the basal Grand Rapids Formation 
of north-central Alberta’(Tables3). “Stelck and 
Kramers (1980) interpreted the occurrence of this ammonite 
to indicate an early Albian age for the base of the Grand 
Rapids, which lies above the base of the Beaver Mines 
equivalent (see Chapter VI). This determination thus 
restricts the upper age limit of the Gladstone and 
equivalent strata to no younger than early Albian. 
Conclusions 

Poss il —tLaxavouetme 8B lainmorne Group iofhe The «southern 
Alberta and northern Montana Plains cannot be interpreted to 
provide sharply-defined, unambiguous ages. The fossil 


megaflora is fairly homogeneous throughout the section, and 
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Indicates sonily enttarlyoGretaceous age: SThe microfauna. ks 
similarly Tong ranging, and its distribution is governed 
primarily by factes relationships. Detailed studies of the 
palynomorphs have led most workers to conclude that Aptian 
and Albian ages can be. assigned to the Mannville of the 
central and northern Plains. More precise megafaunal dating 
of lithostratigraphically equivalent marine strata further 
restricts ages ranges, but these determinations are subject 


to some doubt because of regional diachronism of deposition. 
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VI. STRATIGRAPHIC CORRELATION WITH SURROUNDING AREAS 


As stated in Chapter |, the present study area is essential 
to the understanding and correlation of several schemes of 
stratigraphic nomenclature. Figure 22 and Table 3 show the 
correlation of Upper Jurassic and Lower Cretaceous strata in 
the thesis area with strata of the same age in four adjacent 
areas: the Rocky Mountains and Foothills of southern Alberta 
Lo tne’ west, the  Plaensi-of rcentral Alberta to the north,’ the 
Plains of southwestern Saskatchewan to the east, and the Big 
Horn Basin of northern Wyoming to the south. The basic 
stratigraphic scheme in each area is well established, and 
in turn can be related with confidence to more distant 
areas. 

Correlations are discussed for three intervals: €tlis 
Group equivalents, strata laid down during the time between 
Ellis and Blairmore deposition, and Blairmore Group 
equivalents. Lithostratigqgraphi¢c correlation is’ the primary 
objective, but chronostratigraphic evidence is presented as 


well. 


A. Ellis Group Equivalents 

Marine strata of the Ellis Group are homogeneous over 
large areas, undergoing only gradual facies changes to the 
west, east and south. This homogeneity and the presence of 
abundant fossils lends a high degree of certainty to both 


lithostratigraphic and chronostratigraphic correlations. 
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southern Alberta Foothills 

Marine strata of Middle and Late Jurassic age can be 
traced without interruption from the study area west to the 
Foothills and Rocky Mountains, where they are included in 
thesrernre Formation. tihe Elis =“ Fernie’ transition is ‘not 
defined and as the two units are very similar, an arbitrary 
cut-off would have to be designated to separate them. The 
Fernie, however, also includes older strata of Middle and 
Early Jurassic age and younger strata of Late Jurassic age. 
Frebold (1957, 1958) and Frebold et al. (1959) described the 
lithology and megafaunas of the Fernie in detail. 

The Rock Creek member of the Fernie Formation (Fig. 22) 
is composed of uniform very dark, rusty-weathering shales 
with some bands of sandy limestone and limy sandstone, 
tending to become coarser-grained to the east 
(Frebold, 1958). tis thus quite similar’ lithotogically to 
the lower part of the Sawtooth Formation of the western part 
of the thesis area. ~Frebold (1957, ° 1958) dated the Rock 
Creek as middle Bajocian, but was unable to make direct 
faunal correlations with the Sawtooth. He cited, however, 
Imlay's (1953) report of the ammonite Chondroceras 
(Defonticeras) in the lower Sawtooth of southwestern 
Montana, and noted the occurrence of the same genus in the 
Rock Creek member. 

Frebold (1957) described three major divisions of the 
lower Callovian Grey beds of the Fernie. in thet Foothi lis 


west of. the Alberta part of the thesis area, the Corbula 
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munda and the overlying Gryphaea beds crop out, which 
comprise just over 100 feet of grey shales with bands and 
lenses of greyish calcareous fossiliferous sandstone. In 
the upper four feet are the Gryphaea beds, which consist 
almost entirely of shallow-water molluscan fossils. Sixty. 
feet of shale overlie these beds, although only the basal 
Rive .steet. yield‘ toss tbs:. Further west, approaching the 
Fernie (8.C..) area, Frebold's third diviston -ts found, as 
the Grey beds thicken to 225 feet, become less sandy, and 
lose their characteristic pelecypod fauna found in the 
Foothills. Frebold (1957) interpreted the age of the Grey 
beds to be early Callovian, as he found their megafauna to 
be correlative with the five Callovian faunal zones of the 
western interior United States outlined by Imlay (1947, 
1952a) (see Fig. 21, this thesis). The Rierdon Formation is 
thus lithologi.calty similar, to the Grey beds. .especially to 
the western shaly division, and is of the same age. 

The Green beds of the Fernie Formation overlie the Grey 
beds (Fig. 22). In the Foothills west of the thesis area, 
the Green beds are composed of up to 50 feet of 
shallow-water glauconitic sandstone with yellow-brown 
concretions containing belemnites, gastropods, vertebrate 
bemains, .andupbantudebtis acbrebold, .1957) ou sToethe inor th, 
the sandstones are replaced by dark shales with large 
coneretions. , The coincidence of shallow-water facies. and 
faunas in the southern Foothills both in the Callovian 


(Corbula munda and Gryphaea beds) and the Oxfordian (Green 


» BATES os i 


ued My sali i | mse sansen’ tt set) POUND 


Pham CaaS ts ve iad, ieee aed Ah bie vi 
; se nia iy mani Vig c mae Pe Aeatitied ‘eloms 


ii vie ne - nee: gharaml oh pelt issiest 


pone ‘ rh ee he gooaeiany i Haein yet | 
bias aay easing va vad? mania wn emtasana 


ae yh babi 4) re or Berg a aa of sani Ne 


ae emake i ran { ; ST iy ? ; 
ee eid, me ry (fea " Poe q ah Le eas a shave MCA 


cas 
aA rs bib sie i ms Ld ain stage et 


1. 1 ie 20 2g: eee “i MONAT 


try aoe 7 ie ene Heux amet an seam 


jaan Jiu bd a3, “ga teee ay og aa 


i ea er a 


4 ae nom wit eats fu aay ine te oe eos? 


Maal. “a 


Ueies 


7) Avah a. aa aries ee cy * . j 


cA - as f m 


way lye f i: rad AM) etre! aha nn) wand 
vet. ~ hr) aa) ante aa " wap) “ay ‘ya: sonesanan “J 
. san | very sae mia ier io et. | ae 


y 


i - 
> a) 


eT ie > 


as iva aby 


rs 7 7 : iy 
: ie ae i +4 (a a 
i 4 J my sity , > » ‘3 : 7 i i Wi, jai re a y ’ re ‘ 


126 


beds) indicates the persistent presence of a relatively 
shallow area. 

Frebold (1957) correlated the Green beds with the shale 
member of the Swift Formation, although he admitted that 
there had been insufficient recovery of index fossils from 
the Green beds to date and correlate them accurately. Some 
of the barren shales included in the upper part of the Grey 
beds may also be partly equivalent to the Swift shale 
member. 

Gradationally overlying the Green beds are the Passage 
beds, which Frebold (1957) correlated with the ribbon sand 
member of the Swift Formation. The Passage beds consist of 
dark shales with thin interbeds of sandstone very similar to 
the ribbon sand. Sandstone content increases gradually 
upward, but never becomes as prevalent as it is in the type 
SWAlt-tre No index fossils have been found in the Passage 
Bege = DUEL En ert a PPG unGE EDRUR position and lithology provide 
suTficrent evidence” tor there corre lation with the: Oxtordian 
Swift Formation. Frebold (1957, 1958) and Frebold et 
al. (1959) suggested that the upper, sandier portion of the 
Passage beds is equivalent to the Morrison Perneeron 
(CFig.22).°"aT hts cocrneliation! is Wikel ys true,” as’ will be 
discussed later, but the precise location of the transition 
friom Swift’ to Morrison equivalent is unclear because of the 
leek of fossil evidences = As well.) marine int luence 
continued’ it 'ther present-day ‘Foothills area” after’ the sea 


had withdrawn from the Plains (see Chapter VII). 
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In summary, the Middle and Upper Jurassic strata of the 
Fernie Formation can be correlated directly with the Ellis 
Group both lithologically and paleontologically. Some 
facies differences oni aes but these can be attributed to the 
generally deeper-water depositional environments of the 
Fernie Formation and to local shoals in the southern 
Foothills area. Frebold's (1957, 1958) paleontological 
interpretations indicate that shorter periods of deposition 
are represented=by the strata of the Fernie than -by Ellis 
strata, a situation opposite to what would be expected when 
the environmental aspects are considered. Abundant shale 
strata lacking index fossils are contained in the Fernie, 
however, which were probably laid down. during the intervals 
between Rock Creek, Grey beds, and Green beds deposition. 
Central Alberta 

No Jurassic Strata are preserved to the north of the 
thesis area, as they are truncated at the northern erosional 
escarpment within the thesis area. Lower Cretaceous strata 
thus lie directly on Mississippian and Devonian formations 
in central Alberta. 

Southwestern Saskatchewan 

Christopher's (1964, 1974) stratigraphic nomenclature 
isthe ‘bas iis yfor most Vofi the correlations «discussed be how. 
Some of his age assignments and correlations, however, 
require revision, as suggested in this section. 

The Shaunavon Formation of the Williston Basin is 


directly correlative with the Shaunavon of the eastern part 
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of the study area, although its basal beds become slightly 
older to the east into the Williston Basin because of onlap 
onto the Sweetgrass Arch. lt is conformably overlain by the 
Rierdon and Rush Lake Shale of the Vanguard Group east of 
Longitude 108°, but a disconformity which increases in 
magnitude toward the Sweetgrass Arch is present at the top 
of the Shaunavon to the west (Christopher, 1974). Milner 
and Thomas (1954) named and described the Watrous and 
Gravelbourg Formations, which underlie the Shaunavon in the 
Williston Basin. These formations are equivalent in age to 
the lower part of the Sawtooth, although the lower age limit 
of the older Watrous has not been determined conclusively 
ioe 12 2ie 


The Rierdon Formation can be traced eastward from the 


Alberta - Saskatchewan border for about 65 to 90 miles 
CChris tophers 91974) % lts lower contact is clearly defined 
by the limestone of the Shaunavon, while the Rierdon 
shoulder marks the top of the formation on geophysical logs. 


To the east, the upper beds become younger and eventually 
grade into fine-grained sandstone strata, at which point 
Christopher (1974) subdivided the Rierdon into the lower 
Rush Lake Shale and the upper Roseray Sandstone. 
Approximately” 70° - 120 miles farther to the east, around 
Ranges 25 - 30W2M, Christopher claimed to recognize the 
Rierdon shoulder again and hence extended the Rierdon into 


this area. 
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The shale member of the Swift Formation is directly 
correlative with most of the Masefield Shate of 
Christopher (1974, 1980). Christopher (1974) observed some 
sand in the upper part of the Masefield, but such arenaceous 
strata are more logically included in the overlying Success 
Formation. 
As defined by Christopher (1974), the Success Formation 
presents numerous correlation problems. Christopher 
assigned the Success to the Mannville Group, and postulated 
that it was deposited over a broad, low-relief erosional 
surface. He distinguished two informal subdivisions of 
Po berest tn J this. st tidy: 
ie Sl: generally coarsening-upward carbonaceous mudstones 
and quartzose siltstones to fine sandstones. Sandstones 
are fairly massive near the top, but occur in "pods and 
rolis where. fransitional “to. lower mudstones. The Si is 
often glauconitic near the base, and contains abundant 
small siderite spheres near the top. 

2c 920 Characterized iby macrolentictiar. sini ng-Upward 
sandstone bodies with abundant trough and tabular 
SGOSs-ctpatiti catwony,ad) ag ung) Up -bO 2Smalibh-scaley bROough 
cross-beds and ripple laminae. lt sharply and 
unconformably overlies the $1 unit. 

Christopher (1974) mapped the Success as a blanket-type 

deposit later removed from many areas by pre-Cantuar 

erosion. Phew Si euntemLcetrincared sto the north and locally 


to the west and east of its type section near Swift Current 
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(Township 15, Range 14W3; Fig. 1) by the more widespread $2 
uUnTt. 

bnelusitonsofathesentinerSuccess Formation’ inmthe 
Mannville Group is clearly erroneous when the Upper 
Jurassic - Lower Cretaceous stratigraphic succession in 
surrounding areas is considered. Christopher tentatively 
correlated the Sl unit with the Jurassic Morrison Formation, 
but various lines of evidence show that the S$] should be 
correlated with the ribbon sand member of the Swift 
Beanie: Photographs by Christopher (1974) show the S$] 
lithotypes and accessory components to be very similar to 
those of the ribbon sand, an observation confirmed by 
re-examination of several cores. Christopher (1974) did not 
discuss the nature of the Masefield Shale - Success ($1) 
contact, but sandy beds observed in some cores of the upper 
Masefield signal the initiation of ribbon sand deposition, 
and therefore imply a gradational contact. He found the 
Siie= nS 2 acontacth; however, to be regionally unconformabte. 
Finally, samples taken by the present author from two 
Success cores (Tidewater Frontier Crown 13-21-3-20W3, 4093 
feet and 4136 feet; and Tidewater Staynor Crown 1-29-2-22W3, 
4166 feet) yielded Late Jurassic palynomorph assemblages 
very similar to those found in the ribbon sand. 

The Shsunit sof athe tSuccess “Formation tsi therefore 
considered to be correlative with the ribbon sand member of 
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correlating the eroded remnants of the S1 across large areas 
WEth= poor’ coTe> control. 7 the=rirbbon=sand"-*St Tithosome” is 
probably thicker and more widespread in the extreme 
southwestern part of Saskatchewan than mapped by 

Christopher (1974), as it can be correlated eastward with 
confidence from the three east - west cross-sections of this 
thesis. 

In summary, the Rierdon and Shaunavon Formations of the 
thesis area can be correlated directly eastward into 
Saskatchewan. The Swift can also be traced into 
Saskatchewan, but there it has been divided into the 
Masefield Shale and the S1 unit of the Success Formation by 
Christopher (1974). For regional correlation purposes, the 
Masefield and S1l unit should be incorporated into one 
formation at®* the’ top of: the? Vanguard.Group, and’ the $2’ unit 
of the Success should be assigned to a separate, younger 
formation. 

Northern Wyoming 

Formations of the’ Ellis Group "can be’ correlated 
southward with a high degree of confidence, although the 
Belt Island paleotopographic high (see Chapter VII; Fig. 24) 
influenced facies significantly and caused erosional 
trunecat ton ofseach= formation over various areas. 

The Sawtooth Formation is recognized only north of the 
Bedt ‘Ist and= high (Peterson, !' 1972) .. To’ the south, 
continental to restricted marine environments are indicated 


by the presence of abundant red beds and evaporites in the 
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Nesson and Piper Formations (Table 3; Rayl, 1956). Middle 
to late Bajocian ammonites recovered from the Piper show 
that it was deposited approximately synchronously with the 
normal marine Sawtooth (Imlay, 1956). Further south, the 
Nesson and Piper can be correlated lithologically with the 
Gypsum spring Formation of “the Brq Horn Basin, which ts 
composed entirely of red beds, gypsum, and thin limestone 
beds lacking diagnostic index fossils. It is disconformably 
overiatn by the Sundance Formation; the-.truncation of marker 
beds to the south indicates that the magnitude of the 
unconformity increases tn that direction +(lmtay;s 1956). 

Rierdon Formation strata gradually become sandier and 
less calcareous to, the south of the thesis area 
VPeternr gon, F972): In southern Montana, Imlay (1956) 
distinguished a thin basal sandstone, a medial shale member, 
and an upper sandstone. He recognized the same lithological 
units in the Lower Sundance Formation of the Big Horn Basin, 
and documented the same megafaunal zones in the Lower 
Sundance ‘as in-the Rterdon of “northern Montana. 

Little difficulty fs encountered in’ tracing the two 
members of the Swift Formation to southern Montana. The 
shale member becomes slightly calcareous, whereas the upper 
member becomes more strongly dominated by cross-~bedded 
fossiliferous sandstones with thin interbeds of pelecypod 
coquinas. | cf1mmrantmirtnolpogres im the’ Big~HOrn Bas. tmeor 
northern Wyoming make up the Upper Sundance Formation. 


Brenner and Davies (1974) included the shale member of the 
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Upper Sundance in the mud facies and the sandstone member in. 
the marine bar sand facies of their Oxfordian depositional 
model. The molluscan fauna of the Upper Sundance, 

documented by Imlay (1956), provides evidence that this part 
of the Sundance is similar in age to the Swift of northern 
Montana. The Upper Sundance - Morrison boundary becomes 
somewhat older to the south because of the retreat of the 


Oxfordian sea to the north. 


Ba MPOSTSE] his, aPre=Blairmores Strata 

Although no rocks of post-Oxfordian, pre-Aptian age 
have been identified in the thesis area, sediments 
accumulated in nearby areas during this time. These strata 
are discussed briefly because of their importance to the 
reconstruction ,of/ the; Late. Jurassic rijkEanly: Cretaceous 
geological history of the western interior. 
Southern Alberta Foothills 

Deposition of the Passage beds of the Fernie Formation 
continued uninterrupted in the West Alberta Basin long after 
the withdrawal of the Swift (Oxfordian) sea from the 
Sweetgrass Arch area. Continued shallowing of the sea is 
recorded by the increased sand content toward the top of the 
Passage beds (Frebold, eCtvala, 1959), much as the Swift 
ribbon sand coarsens upward. The contact of the Passage 
beds with the massive sandstone at the base of the overlying 


Kootenay Group is transitional, and several workers have 


debated its exact posutiion. (Frebold, 19573:,Jansa, 197253 
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Gibson, £1977 381979) -1eGtbsoneelO77% 1979) “and ‘Hamblin sand 
Walker (1979) designated the base of a massive, 
cliff-forming sandstone to be the base of the Kootenay. 

Gibson (1979) formalized the stratigraphy of the 
Kootenay Group, subdividing it into three formations. The 
basal Morrissey Formation is a massive, coarsening-upward 
sequence of sandstone up to 80 metres thick. The Mist 
Mountain Formation comprises as much as 665 metres of 
interbedded sandstone, siltstone, mudstone, shale, and coal. 
As much as 590 metres of interbedded sandstone, siltstone, 
mudstone, coal, and ltocally thick chert pebble conglomerate 
make up the upper Elk Formation. Gibson and Hughes (1981) 
provided a detailed depositional model for the entire 
Kootenay, consolidating and further developing previous 
models by Gibson (1977) and Hamblin and Walker (1979). All 
three models suggest that the Late Jurassic sea had 
retreated from the craton and was retreating from the West 
Alberta Basin as well during Kootenay time. 

Insufficient paleontological evidence exists to date 
the Passage beds and Kootenay Group precisely. 
Frebold (1957) reported the occurrence of the late 
Portlandian ammonite Titanites occidentalis from the 
Morrissey Sandstone. Because of their conformable contacts 
with the Morrissey and the Green beds, the Passage beds were 
assigned a Kimmeridgian to early Portlandian age. The 
Kootenay would therefore be latest Jurassic to earliest 


Cretaceous in age, with the Jurassic - Cretaceous boundary 
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possibly lying somewhere within the Mist Mountain Formation 
(Gibson, 1979). This entire dating scheme depends upon the 
tentativeridentification tof avsingle.specimen of a giant 
ammonite, of which only the outer whorls are preserved 
Bbrebota pUiGS) sgn .66.) Plates Xi = (XL EV). CLR. Stetck 
(pers. communication) has indicated tht the identification 
of this specimen may be called into question because it is 
not sufficiently well preserved to warrant its assignment to 
a particular genus. lf the "Titanites' specimen actually 
belongs to a Kimmeridgian or even late Oxfordian genus, as 
suggested by Stelck, the ages of the Passage beds and 
Kootenay Group would have to be increased correspondingly. 
The Kootenay would then perhaps be entirely Late Jurassic in 
age. 

No strata correlative to the Kootenay are found in the 
thesis area, as the group is erosionally truncated near the 
eastern edge of the Foothills. The interval of erosion and 
nondeposition shown in Fig. 22 includes most of Neocomian 
(Berriasian to Barremian) time in the Foothills, but the 
hiatus could be much larger if the Kootenay proves to be 
entirely Jurassic in age. 

Southwestern Saskatchewan 

Extensive erosion and little deposition took place over 
southwestern Saskatchewan during the latest Jurassic - 
eardvest Cretaceous@anterval. “The>S2 divisiton of» the 
Success Formation was correlated with the Deville Member of 


the Mannville Group of central Alberta by 
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Christopher’ (1974); andvwas* thus” included*in the Mannvnviltle 
of southern Saskatchewan. Both the Deville and Success $2 
are discussed in the following section on 
Blairmore-equivalent strata. 

Northern Wyoming 

Torte (south of “the study area, the Morrison Formation 
was deposited in terrestrial environments as the Swift sea 
retreated from the craton (see Chapter IV). The Morrison is 
well developed in the Great Falls, Montana area 
(Walker, 1974), and can be traced continuously southward 
throughout the western interior of the United States 
(Suttner, 1969; Peterson, 1972). In the Big Horn Basin of 
northern Wyoming, the Morrison consists of 130 to 280 feet 
of lenticular mudstones, siltstones, and sandstones which 
are exposed primarily in areas of badland topography 
(Moberly, 1960). These strata were laid down in fluvial 
floodplain and channel as well as lacustrine environments 
(Moberly, 1960; Peterson, 1966). 

The conformable contact of the Morrison of the Big Horn 
Basin (and of most other areas) with the underlying 
Oxfordian Sundance Formation is evidence of a Kimmeridgian 
age. Yen (1951) described a molluscan fauna from the 
Morrison which he interpreted to be older than Purbeckian 
(latest Jurassic), and Imlay (1952) summarized other 
paleontological evidence for the Late Jurassic age of the 
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The Morrison - Cloverly (lowest Cretaceous) contact is 
not conspicuous in most of the Big Horn Basin because of the 
similar lithologies of the two formations, and 
Moberly (1960) proposed that the nondepositional hiatus 


between the two was very small. 


C. Blairmore Group Equivalents 

Continental strata of Early Cretaceous age are found 
over the entire western interior of North America, recording 
renewed deposition after a long hiatus as the result of 
uplift of western orogenic and northeastern Precambrian 
Shield source areas. Lowermost Cretaceous strata are thus 
regionally diachronic because of the variable timing of 
local source area uplift. Poor paleontological control 
hinders the accurate correlation of depositional events, and 
therefore the ages shown in Fig. 22 are subject to 
nodi fication. 
Southern Alberta Foothills 

kittle discussion.is: necessary in this section, as ‘the 
Cretaceous lithostratigraphy of the thesis area is derived 
Prone thatmote ther Foothna Istst 

The Cadomin Formation of the Foothills is equivalent to 
the Cut Bank Formation of the study area. Conglomerate with 
chert, forthoquartzite;yargillite;*andisi ltstone’ pebbles and 
a coarse quartz-chert sand matrix is the dominant lithology 
of the Cadomin, occurring interbedded with variable 


proportions of coarse- to medium-grained siliceous 
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sandstone. The pebble percentage and clast size generally 
increase westward (Schultheis and Mountjoy, 1978). The 
Cadomin is up to 200 metres thick, although it rarely 
exceeds 15 metres in the southern Foothills (McLean, 1977). 
Considering the homogeneity and large areal extent of the 
TrOrmMationssLt rssuniformiycquite thin: 

Schultheis and Mountjoy (1978) and McLean (1977) agreed 
that the Cadomin accumulated (from west to east) as pediment 
Graveissyein coalesectng ual huvialtsftans; and inxalhluviial plain 
environments. In southern Alberta, the finer deposits of 
the easterly, north- to northwest-flowing river system are 
nmacluded tin tthesCutsBanknkormattonscuho thetnorths; abi: the 
sediments are included in the Cadomin, although more 
detailed study may justify the designation of other 
formations composed primarily of sandstone. 

The Gladstone and Beaver Mines Formations thicken 
markedly westward from the thesis area to their erosional 
truncat ton .in the Rocky sMountailns. 

Central Alberta 

Strata equivalent to the Blairmore of the study area 
can be traced northward without interruption through central 
Alberta to an outcrop edge adjacent to the Precambrian 
Shield in northern Alberta and Saskatchewan. These strata 
are assigned to the Mannville Group over most of the area. 

Nauss (1945) designated the type Mannville as a 
sequence of grey to grey-green continental and marine 


sandstones, shales, and coal. He divided the succession 
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into six members, but most of these can be recognized only 
locally (Mellon, 1967). Williams (1963) described the 
formal lithostratigraphy of the Mannville of central Alberta 
CPig’s 22), which Mellon’ €1967) ‘discussed and "correlated 
throughout Alberta. 

The basal Deville Member of the McMurray Formation 
consists of fragments of the underlying Mississippian and 
Devonian carbonates in a matrix of green, brown, and red 
claystones, coal, and thin sandstones (Williams, 1963). It 
is restricted to paleotopographical lows on the 
pre-Mannville erosion surface, and has been interpreted by 
Mellon (1967) to represent the residual weathering detritus 
derived from the Paleozoic carbonates. Beds which match the 
description of the Deviile were found in cores from a very 
few wells in the northern two townships of the thesis area, 
north of the Jurassic escarpment (eg. R.O. Corp. East Alder 
F210" 15-TOWAS 3101-31 1k feety (Appendix "A, pi1290). 
Insufficient data were obtained to map or describe these 
beds adequately, so they were not differentiated from the 
Gladstone. lt appears, however, that the Deville Member can 
be extended southward to the edge of the Jurassic 
escarpment . 

Accurate dating of the Deville Member is not possible, 
as it is the product’ of long-term weathering, and thus 
varres -in?lithotogy and sage from place *to place. “Most of it 
must be Early Cretaceous in age, however, as it is found in 


valleys cut during and immediately prior to deposition of 
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the Mannville (Williams, 1963). Pocock (1962) recovered 
palynomorph assemblages from the Deville similar to those 
found in the Ellerslie, sufficient evidence to establish an 
Early Cretaceous age. At least a part of the Deville Member 
must therefore have been deposited at the same time that the 
Cut Bank Formation was being laid down to the southwest. 

Grading up from the Deville is the Ellerslie Member 
(also called the "Basal Quartz"), a sequence composed of 
Kachin! tte tquartz sandstone, siltstone, and silty, 
micaceous, often carbonaceous shale. in central Alberta, 
the Ellerslie was deposited in fluvial - continental 
environments on a surface of moderate relief over Paleozoic 
carbonates and thin beds of the Deville Member 
(Williams, 1963; Rudkin, 1964). The Gladstone of the 
Blairmore Group is directly correlative with the Ellerslie 
on the basis of stratigraphic position, sandstone 
composition, and general depositional environments. 
Ellerslie strata are more widespread and blanket-like than 
those of the Gladstone, reflecting the dominance of 
aggradation over erosion in the broader valleys of the 
central and saan Plains near the edge of the advancing 
Boreal sea (Rudkin, 1964). 

The "Calcareous" member of the McMurray Formation 
gradationally overlies the Ellerslie in central Alberta, and 
consists fof dark scantcareous tfossitt tferousvsnale, “srrty 
shale, and lenticular calcareous sandstones 
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microfossils which become more marine to the north 
(Loranger, 19513 Glaister, 1959; Pocock, 1962). The 
"Calcareous" member of the Mannville is 
lithostratigraphically correlative with the "Calcareous" 
member of the Blairmore in southern Alberta. A broad, 
low-lying plain dominated by shallow lakes is envisaged as 
the depositional environment in which such widespread 
lacustrine to marginal marine facies accumulated (see 
Chapter VI1). 

The McMurray Formation grades sharply upward into the 
Clearwater Formation. Lancentrad Alberta, the base of the 
Clearwater is marked by a persistent very fine- to 
medium-grained glauconitic sandstone called the Wabiskaw 
Member by Badgley (1952) and Williams (1963). The remainder 
of the Clearwater consists of dark grey shales and silty 
shales, and very fine- to medium-grained "salt-and-pepper" 
sandstones, which contain much more feldspar and a generally 
greater proportion of rock fragments than sandstones of the 
McMurray Formation (Williams, 1963). A marine environment 
is indicated by the abundance of glauconite and the presence 
of marine microfossils (Pocock, 1962; Mellon and 
Wall, '1963)<«%Onetherbasissofistratigraphie positions and 
sandstone composition, the Clearwater correlates with the 
Beaver Mines Formation of southern Alberta. 

Lt, isnclearaethatwtherBlairmorne,of«southern, Alberta can 
be correlated*directly with the Mannville of central 


Alberta. The contact between the two groups must be quite 
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Greacgetironal, and must varyeawith stratigraphic position. An 
arbitrary .cut-of f (after eMelion, 1967) is. thus designated «to 
separate the Blairmore ‘and Mannville-in Figs 23. South and 
WesitE of theweut-of fj, dridl hele cores indicate that red beds 
like those in the Blairmore type sections characterize the 
stratigraphic succession, while to the north and east, 
green- and grey-coloured beds more closely resembling the 
type Mannville predominate (Glaister, 1959; Mellon, 1967). 
Southwestern Saskatchewan 

Tracing Blairmore strata eastward into Saskatchewan is 
somewhat more difficult than tracing them northward into 
e6ntraticvAlberta. IWuch of vthe sad! fhreuy lity can be attributed 
to the sharply different scheme of stratigraphic 
nomenclature employed by Christopher (1974, 1980) in 
Saskatchewan. Christopher (1974) correlated the entire 
Success Formation with the Deville Member of central Alberta 
and Saskatchewan, postulating that both units had been laid 
down over a long indeterminate period of time prior to the 
commencement of deposition of the Gladstone -. McMurray - 
Cantuar lithosome. In the broader regional scheme of 
sedimentation being considered in this thesis, only the 82 
Unie is -correlared with the Deville wnas athe os) antt. has sbeen 
Shown! to wevequiivalent.to- the sswitt: Formation. bhe 
erosional hiatus which straddles the Jurassic - Cretaceous 
boundary in Saskatchewan thus occurs between the S1 and S82 
units “of the Successieenotuatethe -base iof\.the Success: as 


proposed by Christopher (1974). 
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Most recent workers have included the strata of the 
Lower Cretaceous of Saskatchewan in the Mannville Group (eg. 
Maycock, 1967; Christopher, 1974, 1975, 1980), although 
there has been considerable disagreement regarding this 
nomenclature. Considering the position of the Blairmore - 
Mannville boundary in Alberta (Fig. 23) and the nature of 
the Saskatchewan strata (as described by Maycock (1967) and 
Ehristopher (1974, 1975)), the Lower’ Cretaceous strata of 
western Saskatchewan are best assigned to the Mannville 
Group, except in the extreme southwestern corner of the 
province, where they belong to the Blairmore. 

Mannville strata overlying the Success are divided into 
the lower Cantuar and upper Pense Formations (Price, 1963) 
OFtig..9i2 26 Tablev3).) ThecCantua rt iil sein’ alhigh=r eli.ef 
unconformity throughout Saskatchewan, resting on Shaunavon, 
Rierdon,oMasefireld, and® Succesisi strata (Christopher ,1974,) . 
Three formal members of the Cantuar were designated by 
Christopher; these are the (lowest) McCloud, Dimmock Creek, 
and: ‘(highest)* Atilas.9? The® Mc Cloud) consis tetof? quartzose 
sandstones with a kaolinitiec to siliceous matrix at the base 
grading’ up tovdark grey? coalhyrshales., which race int sthe 
lowers parti of. large valleys. OMost oof ithe rest* of tthe relief 
is’ filled in by the Dimmock Creek, which is characterized by 
argillaceous sandstones containing abundant feldspar, 
biotite, chloritezg@and Mithiicfragments’, ‘as’ well as some 
glauconite. Similar sandstones typify the Atlas Member, 


which forms a blanket deposit over the resulting low-relief 
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surface. 

Post-Success “uplrt-trof ithe (Sweetgrass Areh = Swit 
Current Platform (Fig. 24) caused the development of major 
Valley’systems “in “whitch "the fluvio-cont inental McC loud 
Member was deposited (Christopher, 1974). The McCloud is 
thus directly equivalent to the Gladstone of the thesis 
area. Simivarhy, the aint fuxtof *Perdspath Pe rand: bi th ite 
detritus which characterizes the Dimmock Creek and Atlas 
Members reflects the same event(s) which caused the onset of 
Beaver Mines deposition in southern Alberta and northern 
Montana. 

Northern Wyoming 

Basal Cretaceous continental strata in northern Wyoming 
make up the Clover ly Formation, which averages 280 to 300 
feet thick in the Big Horn Basin, where Moberly (1960) has 
subdivided it into three members: the Pryor, Littie Sheep, 
and Himes. The Pryor Conglomerate is a distinctive basal 
member occurring primarily on the northeastern side of the 
basin. It consists of chert pebble conglomerate and 
siliceous, locally coaly sandstone, which grades to thin 
well-=sorted quartz arenites away from its depocentres, and 
grades upward into the lower beds of the Little Sheep 
Member. The Little Sheep is primarily a variegated 
bentonitic mudstone characterized by a "gumbo" weathering 
Ssurtace. A tuffaceous mudstone bed just below the top, and 
horizons of calcareous nodules in the upper part of the 


member interrupt the mudstone sequence. Variably-developed 


Le 


r (ate o 
a 1 dy li alaly salieon oi nAOh 


it ila ak ata. pt jot 
Hh ts ae ha niet beh ang 
p90 Sahat au nae iin: 


a 


a eo irdidita a err a) eh, Pot 4, oO 
Aa se) RTA A By Pica aele rt 
‘ se i OMS a hha) me i ia he 
; Hi at H i 1 iy 
dig © wn ewe {ahivhasin liana 
: | 4 oy re) ts i A f 
tek) ‘dae ih at We 2s ni abi, ae only } f a) ‘ 
f ‘ 1 , ® LY} iy 


y 
4 
re 
‘ah 
tT 


' \ v4 wean i" | 4 eo 

ih Pa e me see 

aad) at a OR stata ‘4 fan at; hes 
i ‘ ' 4 Deity. ACD ae rf 6 


ee bc dent tly ®, + senreautopen. nmi a is 
re iy | nod A ‘i 
ot hae ete wreden dian pers ‘am: 


Baty st 


a4), at Apeat he “niga 


eae: Brive ina: ahadag # 


eeay ef) aphiege: i 9 <9pnaey vias 


sine ARENA DRY! eke ned en apsilinss uairban ay 

quaat wasp ne Va Hed janelle ered sree 
i ae sonal ad ie wh Seat angiat quot weeat #at Lon 
"2 Rey ‘saw tementis ie. Fie ongmaen 


146 


beds of quartz-chert arenite and conglomerate with limestone 
lenses similarly break up the lower part of the member. The 
upper Himes Member’ comprises about 100 feet of cliff-forming 
variegated sandstones and mudstones, often with a 
distinctive olive-grey cross-~bedded sandstone at the base. 
fhes*sandsittone contains*a high*= proportion of Tithiec grains 
as well as abundant partly-decomposed feldspar in a muddy 
matrix which swells on contact with water. 

Shoestring-shaped bodies of quartz arenite displaying 
sequences of sedimentary structures indicative of a fluvial 
environment are also common in this member. 

The Cloverly correlates roughly with the Blairmore of 
southern Alberta and northern Montana (Walker, 1974; 
Suttner, 1969), although the lithologies are similar only in 
general nature, as a much greater proportion of volcanic 
debris is present in the south throughout the section. -The 
Pryor Conglomerate correlates in lithology, Pee etes and 
approximately in stratigraphic position with the Cut Bank 
and Cadomin Formations, while the Little Sheep Member is 
correlative with the Gladstone Formation. Finally, the 
Himes correlates Jlithostratigraphically with the Beaver 
Mines, although the uplift and Seeeion of western source 
areas which controlled sandstone petrology in the Big Horn 
Basin did not necessarily proceed at the same rate as 
simi Lat activety several hundred miles to the north. No 
direct analogue for the "Calcareous' member of the Gladstone 


can be found in the Big Horn Basin, although Glass and 
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Wilkinson (1980) documented the occurrence of extensive 
Lower Cretaceous lacustrine facies of the Peterson Limestone 
to the west in western Wyoming and southeastern Idaho. 
surthologtcal es imilarity of .the*€ hover ly -and .the 
Morrison -inethespresentsday ‘BiguHorn Basin and:the lack, of 
contrary fossil evidence led Moberly (1960) to suggest that 
Cloverly deposition followed immediately upon the 
termination of Morrison deposition and continued until the 
Aptian. The Morrison - Cloverly hiatus may therefore not be 
ast large as showne inoFig./.22;5 (and; the: Cloverdy may. be at 
least partly contemporaneous with the Deville Member of 


central Alberta and Saskatchewan. 
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Lithostratigraphic and chronostratigraphic schemes 
established for the thesis area in Chapters IV and V and 
external correlations established in Chapter VI can now be 
used to reconstruct the geological history of the western 
interior for the Late Jurassic and part of the Early 
Cretaceous. 

A number of workers have summarized the history of 
Sars Ote this. eared fOr jpente.0 1, thuise time “in ctervarl 
fimiay, 19573 Peterson, 1957a, 19723 Schmitt, 1953; 
Klingspor, 1958; Glaister, 1959; Rudkin, 1964; McGookey et 
Blige 81 97:25) +s None, however, has made a detailed analysis 
spanning the entire Late Jurassic - Early Cretaceous 
interval, and most treatments have been confined to either 
Canadayvor. the United, States. Ihe .critiead transition area 
represented by this thesis therefore has not been adequately 
analyzed. In addition, paleogeographical interpretations 
can now be improved in light of recent information regarding 
the development of the Columbian and Nevadan Orogens. 

Figure 24 depicts the major paleotectonic elements 
which influenced sedimentation during the Late Jurassic and 
Parlye Gretaceous, Sihe stable. craton, which sks ysubdivided 
into the Alberta Shelf, Williston Basin, and Wyoming Shelf, 
makes up the eastern part of the map. The Alberta Shelf 
slopes westward into the Alberta Trough, and rie: Wyoming 


Shelf slopes westward into the Utah - Idaho Trough. Between 
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these areas lie the Sweetgrass Arch and the Belt Island 
trend, -which! issaspaleotectomic high, continuous with the 
Sweetgrass Arch and in part coincident with the South Arch 
of Tovell (1958) (Fig. 5b). 

Jurassic and Cretaceous strata are truncated abruptly 
in the western part of the map area by Laramide (Late 
Cretaceous = Early Tertiary) overthrusting, uplift, and 
consequent erosion. Events which occurred in the Columbian 
and Nevadan Orogens during the Late Jurassic and Early 
Cretaceous must therefore be correlated by indirect means 
such as dating of intrusions, analysis of sedimentary strata 
in successor and intermontane basins, and structural 
relationships. Price et al. (1981) summarized concisely the 
events which took place in the Columbian Orogen during the 
Jurassic and Cretaceous. Davis ett atnet 1978) “and 
Hamilton (1978) published similar compilations for the 
American, sectiionvof. the (Cordi lleray 

Numerous transgressions and regressions of the sea took 
place over the broad cratonic platform during the late 
Mesozoic. At least five major advances can be documented 
ducting’ the Middle ltorbate’ Jurassic and Early Cretaceous 
alone. During? thismintverval, @onogeniceuphi ft tor thegwest 
progressively restricted marine Pacific access to the 
interior, although a Pacific connection existed through 
HhoOstheaenhe mi tishPComumbi agin the° bate Vurassiic en ihe 
Transcontinental Arch, which trends northeastward through 


Utah, Colorado, and Nebraska, was not breached during the 
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time interval considered here (Williams and Stelck, 1975), 
and thus there was no communication with the southern 
Gulfian sea. 

Seven sub-intervals are considered here: Middle 
Jurassic, Callovian, Oxfordian, latest Jurassic - early 
Neocomian, late Neocomian - middle Aptian, middle Aptian - 
earliest Albian, and early Albian. Each subdivision 


corresponds to a major depositional sequence. 


A. Middle Jurassic 

Four major transgressive pulses took place over western 
North Amer ical duringa the Jurassic. The first sea jiadvanced 
bn, the ‘Early’ Jurassic Tlooding ionty the Alberta. Trowgh -and 
depositing the lower part of the Fernie Formation. 

Figure 25 is a generalized paleogeographical 
reconstruction of the western interior during the Middle 
Jurassic, when the second transgressive pulse took place. 

To the west, the earliest stages of a major orogenic episode 
were beginning. Convergent plate motions moved a number of 
small orogenic land masses, collectively referred to as 
"composite allochthonous terrane |" by Price et al. (1981) 
toward the craton in what is now OF Race n a British 
Columbia and northeastern Washington. Similar movements of 
more southerly volcanic arc complexes toward the craton have 
been documented by Hamilton (1978). The incipient collision 
of these allochthonous terranes with the craton and with one 


another began to compress, shear, and thrust older 
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miogeoclinal strata eastward onto the craton. As large 
areas were uplifted, these strata assumed increased 
importance as sources of clastic sediment. In the Middle 
Jurassic, however, this process was just beginning, hence 
only scattered islands were present to the west; local 
sources must have accounted for most of the clastic sediment 
deposited. 

As the sea advanced, shallow water deposits of the 
middle Fernie Rock Creek member were laid down. 

Frebold (1957) assigned a middle Bajocian age to the Rock 
Creek, but unfossiliferous shales overlying this member were 
probably deposited in deeper water as the transgression 
continued. 

Belt Island and the Sweetgrass Arch profoundly affected 
patterns of marine advance and water circulation, and were 
locally significant sediment sources. In the early stages 
Beene transgression, normal marine siltstone and shale of 
the Sawtooth Formation were deposited north and west of the 
Sweetgrass - Belt Island land mass. Most of Belt Island was 
never covered or was inundated only briefly, as no Middle 
Junasis to rsitr ata dane se tte over it.) To “the »ssouth -and 
east, continental and restricted aceine evaporites were 
deposited as the Watrous Formation in Saskatchewan, the 
Gypsum Spring in northern Wyoming, and the Nesson and Piper 
Formations in Montana and North Dakota. Wall (1960) found 
the foraminifera of the Shaunavon and the Sawtooth to be 


dissimilar, implying the existence of a Sweetgrass Arch 
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barrier throughout most of the Middle Jurassic. 

Continued transgression led to more open marine 
circulation throughout the western interior. Normal marine 
facies were deposited almost everywhere, including part of 
the Twin Creek Limestone in the subsiding Utah - Idaho 
Trough, the Piper Formation in Montana and North Dakota, and 
the Gravelbourg and Shaunavon Formations in Saskatchewan 
(Table 35° Fig > 22). “Restricted conditions persisted in 
northern Wyoming, although the middle member of the Gypsum 
Spring Formation does contain some marine limestones with 
normal marine megafauna (Imlay, 1956). The Sweetgrass Arch 
was probably breached during the Bathonian. Relief on the 
Mississippian surface was considerable, and probably was 
important in controlling the topography of a low chain of 
islands along the arch trend. The Sawtooth and Shaunavon 
are consequently thin (locally absent) and sandy in this 
area. 

During the ltatest Bathonian and earliest Callovian, 
some regression took place, with restricted marine facies 
bearing marginal marine to brackish microfaunal and 
microfloral assemblages again predominating CWalil:, -91960'3 
Pocock’, 1972; Brooke’ and*Braun, 1972). Deposition in the 
Alberta and Utah = "daho Troughs and in the centre’ of* the 


Williston Basin continued without interruption. 
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B. Callovian 

During (the earky Callovian, (the: ‘third-Jurassic 
transgressive pulse flooded the craton to an even greater 
extent thanidid the Middle Jurassi ci advance -(Figs26)~ -A 
thick sequence of volcanic rocks and coarse sediments in 
northern British Columbia and the Yukon records episodes of 
island are volcanism and flysch deposition during the late 
Middle Jurassic and early Late Jurassic (Eisbacher 
eit cali, 19.74). SUCH activity was ‘confined to ‘negions,: lying 
substantially west of the craton, as no major allochthonous 
verpanes had yet moved into full contact with the thick 
miogeoclinal sequence at the craton edge (Rudkin, 1964; 
Pruce set -al sy) 1981). 

In the Alberta Trough, grey shales of the Grey beds 
member of the upper Fernie Formation were deposited. A 
shoal, probably directly connected to the craton, was the 
locus of deposition of the shallow-water arenaceous, 
calcareous, and fossiliferous Corbula munda and Gryphaea 
beds. 

Advance of the sea over the craton during the Callovian 
was again impeded by the Sweetgrass Arch and Belt Island; 
Peterson (1972) postulated that Belt Island had been 
submerged at the time of maximum transgression, but both the 
present author and Cobban (1945) observed substantial 
depositional thinkhingwoterhe Rk iterdon at the northernoedge of 
the trend. lt -thusmappears most Likely that the central 


regton of Belt (listiandestood “above the sea for the entire 
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Catiovian; Ralthoughvit shed very little clastic detritus. 

Throughout most of the eariy Callovian, very 
homogeneous calcareous green-grey to grey shales and 
argillaceous limestones were laid down in the broad, shallow 
epeiric sea. These strata are included in the Rierdon 
Formation in southern Alberta and Saskatchewan and northern 
and western Montana, and in the Lower Sundance Formation in 
the remainder of the western Williston Basin. The 


paleoshoreline on the northern and eastern flanks of the 


Rierdon - Lower Sundance sea probably lay well beyond the 
present eroded margins, as little evidence of nearshore 
deposition has been found. In northern Wyoming, the Lower 


Sundance thins across a low paleotectonic positive feature 
called the Sheridan Arch (Fig. 26); to the south and east, 
the shales are more arenaceous and indicate a slightly 
shallower environment of deposition. Rautmann (1975) 
suggested that the Lower Sundance in this area was deposited 
as a sequence of submarine sand waves or tidal current 
ridges. Red beds, sandstones and evaporites were deposited 
in shallow marine to restricted environments near the 
southern margins of the sea (Imlay, 19573; Peterson, 1972), 
which generally remained outside die Fig.°26 map°area. 
Thick limestones of the upper Twin Creek Formation 
accumulated in the Utah - Idaho Trough, which continued to 
subside throughout the Callovian. 

Wall (1960) found that a large number of ostracod and 


foraminifera species are common to the Rierdon of Montana 
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and the Rierdon - Rush Lake of Saskatchewan, although 
Peterson (1954) showed that the ostracod population of the 
Lower Sundance southeast of the Sheridan Arch differs 
significantly from the Rierdon assemblage. These 
microfaunal data thus support the concept of very open 
marine circulation over the western interior except for the 
portion of the cratonic basin southeast of the Sheridan 
Arch. 

Shallow marine and tidally-influenced shoreline sand 
bodies were deposited as the sea regressed again during the 
late Callovian. inenoMthernr Wyoming: ¢ghaucon@tic, colitic 
sandstones were laid down in submergent bar complex and 
barrier island environments (Rautmann, 1975). 

Christopher (1974) constructed a regional facies model for 
the Roseray Sandstone of southern Saskatchewan, showing that 
it was deposited as large tabular sandstone and si!tstone 
bodies which he called "clinobeds". Each of his clinobeds 
represents a sheet of sediment deposited in shoreline to 
distal (but shallow) offshore environments, with each 
clinobed arranged in an offlapping sequence indicative of a 
Fegression, “except forvatsmall interval near >the top of the 
formation where onlapping clinobeds indicate minor 
transgression. 

As the regression continued, Belt Island and the 
Sweetgrass Arch once again became emergent, and significant 
erosion of the Rierdon occurred over paleotectonic highs. 


Red beds, evaporites, and nearshore to continental 
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sandstones continued to accumulate in saline lagoon and 
continental environments to the south and southeast of the 
map area in Fig. 26 (Imlay, 1957). Subsidence in the Utah - 
ldaho Trough ceased in the late Callovian in response to 
erogenteeuplift ‘to the west, terminating deposition of the 


Twin Creek Limestone. 


Gc. %wZWxfordtan 

During the early Oxfordian, marine waters flooded a 
somewhat greater area than was submerged during the 
Galhiewran (Fig. 27). @ Orogenic Uplift in southern, British 
Columbia became significant in the Oxfordian. Composite 
allochthonous terrane | of Price et al. (1981) had moved 
chase enougm to ‘thes craton to come into contact with ithe 
thick Paleozoic to Trtassic mrogeoclinal success ton, itn the 
Alberta Trough, consequently uplifting and thrusting this 
sequence eastward. TO sthe sou thi, sthewmiogeoct.tna | Daw atyere 
also thrust cratonward in response to the eastward movement 
of smaller allochthonous terranes. As the newly-uplifted 
land began to shed clastic debris, true molasse 
sedimentation was initiated in the foreland basin. 

At the time of maximum transgression, sediments were 
deposited as shown in Fig. 27. Dark marine shales with 
large ironstone concretions were deposited in the northern 
and central Alberta Trough, while glauconitic fossiliferous 
shallow marine sandstones of the Green beds of the Fernie 


accumulated over the shallow area in the southern Alberta 


‘evade Hy sha Mh 0a, ‘gedayad Honan va wee 


i Winaet i. ia aeeene me ni av ‘ooh ie Beni! is a 


alent: a sii dae 0h pha roenaie anainiain bat om’. ong 


pda et ie a Y wal vaseah hy, 1stanea) bha | 


% 
Pe es we ‘eat dba adel “aia 
pinoaehe wldnelinns me vant 
Arh “e 
i Ms 
‘ iat ae os ay 0 ts # ve i: ei by aed any") 7 


i 
ba | 


wi mile i" Hwan ine hie Ivey ie “ 
+ wee iv a a | ad an i nt & bea, a i new en | ip i. AG io 

. iyi ai a thai, oat Ki vaasi inet. 
node ome ELBE bb ihe imal, Ch i YY Caeuetue 


“4 {eel are af ane: tqvmpet he Akane nee 


bie aa ant a) hi ) 


Lad | a“ nen “ata 


ods " ’ 


| a “i vt er ‘8 ay, a taal, hegre sa sania 
ait | om Dah _ Ea ahhant 


aa, ay 


a ; ; =. 
bia valid en at a vot any Mb bacnldint: hee peta bi j 


iy 


a PIA | ioe 
iy earns on ‘aie eH ah, LALO oe an. 


vee * wie pl He 1k ouagoim, om bo siklue l 


wat 


a, 204. Ye: nied ‘nna | ea aaa ie 


ve 


Bae 


| 
| 


Shaded 


B Clastic transport 


FIGURE, (27 


[Marine advance 
Early Oxfordian 


Paleogeography 


Ce ee, cee km 
Q 100 mi 


Low land 


| 
| 
| 
| 
| 
| 
z 
| 
| 
| 
| 


TANT 


aoe © sands 


S Ne arshor 


Shallow | 


marine 
sands Caicareous 
Ag | mud 


rhe teks 


oe tt 


lines represent approximate shoreline positions 


160 


of Be 


%¢ aRnuoMm 7 Ean 


ngibrolxO yired | 


vigetgoegoel a4 


I, . aol wos 


WOSWIIGD.” < )/ 
Duin 


i 4 
% ; 
a ee ers Aree 


. 
el 
5 

‘« 


“enentt nein etait cimeiten (lielcsies Cite . . | : 
.- | me 


aol eee oa a al('\ Se) ee ee > ae 


161 


Trough. Nearshore sands were laid down along the edge of 
the rising orogenic land and around the emergent part of the 
Belt Island trend, while mud deposition across the interior 
produced the dark basal shale member of the Swift Formation 
in southern Alberta and Montana, the basal shale of the 
Upper Sundance in Wyoming and the American part of the 
Williston Basin, and the Masefield Shale of Saskatchewan. 
No direct evidence of paleoshorelines is preserved in the 
map area, as erosion has removed Oxfordian strata for an 
indeterminate distance north and west of the present outcrop 
edge. The Sweetgrass Arch - Belt Island high continued to 
subside, as the basal shale of the Swift thins only slightly 
across the Sweetgrass Arch. Only the extreme southwestern 
part of the Belt Island trend was completely emergent. 

Increasing clastic influx from the west caused 
extensive shallowing of the seaway during the late 
Oxfordian; Fig. 28 shows the resulting paleogeography. 
Nearshore sands continued to accumulate along the edge of 
the emerging western land mass and the Belt Island trend, 
and similar sand facies were probably deposited at the 
western edge of the Alberta Trough in southern British 
Columbia, but were later eroded. In the Alberta Trough, 
upward-increasing incidence of sandstone in the Passage beds 
of the Upper Fernie provides evidence of the increasing 
COarS es -Calas Capi ht Up. 

Over large areas of the western interior, the 'marine 


bar-sand facies" of Brenner and Davies (1974) was deposited. 
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Storm waves and currents transported coarse clastic debris 
from western source areas over the broad shelf, reworking 
these sediments to form the bar sand and interbar facies 
aqrscussed in “Chapter 7 iV: Nearer the source areas in central 
and southern Montana and in coarse sandstones with abundant 
coquinas make up the upper sandy member of the Swift and 
Upper Sundance Formations. In northern and eastern Montana, 
Alberta, and western Saskatchewan, finer sands and silts 
dominate the upper member of the Swift, Upper Sundance, and 
"Success SI". The Sweetgrass Arch and northern Belt Island 
trend had little influence on the patterns of deposition, 
although the water was probably very shallow over the arch 
during the late stages of progradation. Littie coarse 
clastic detritus reached the centre of the Williston Basin, 
where mud deposition continued. Sandier nearshore facies 
were laid down at the eastern edge of the Williston Basin, 
while silt, sand, and evaporite deposition characterized the 
areas to the south and southeast. Shoreline sands were also 
deposited along the northern edge of the retreating sea and 
the eastern edge of the Alberta Trough during the latest 


Oxfordian- CHopkins, lool). 


Dh Latest Jurassic “"'Par ly’ Neocomian 

Allochthonous terranes continued to move eastward 
toward the craton during the latest Jurassic and earliest 
Cretaceous, further deforming and upthrusting the thick 


miogeoclinal Paleozoic strata, and producing large volumes 
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of sediment which were deposited as molasse in the foreland 
basin. Abundant igneous activity was associated with the 
movement and collision of the various allochthonous 
terranes, but the resulting igneous - metamorphic complexes 
Weme not yet exposed or sufficiently close to the craton to 
provide significant volumes of sediment. Stable detrital 
minerals, particularly quartz and chert, thus dominated the 
coarse clastic fraction of the molasse deposits during this 
interval. 

In the southern Alberta Trough, the Kootenay Group was 
deposited during the latest Jurassic and earliest 
Cretaceous. Progradational regression continued as the 
marine basin was filled in from the south (Fig. 29), causing 
the sea to retreat completely from the southern Alberta 
Trough by late Berriasian time (Jeletzky, 1971). 
Upward-increasing sand content of the Fernie Passage beds 
records the transition from deep basin conditions to more 
proximal shelf turbidite deposition, and abundant hummocky 
cross-stratification in prodeltaic sediments indicates the 
importance of storm-aided sediment transport (Hamblin and 
Walker, 1970 > Sandstones of the basal Kootenay Morrissey 
Formation were deposited in nearshore environments as 
deltaic, beach, and dune sand bodies (Gibson and 
Hughes, 1981). Strata of the overlying Mist Mountain 
Formation were laid down in subaerial deltaic and coastal 
and alluvial plain environments; abundant coal seams provide 


evidence for the presence of extensive back-Swamp and marsh 
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environments. Coarser sandstones and conglomerates of the 
Elk Formation, which were laid down in more proximal 
alluvial environments, complete the progradational sequence. 
Although the Kootenay succession is erosionally truncated to 
the west near Fernie, B.C., textural data and sedimentary 
structures indicate that the source area was fairly close by 
(Gibson and Hughes, 1981). 

The extent and correlation of the Kootenay to the south 
is poorly documented, and consequently it is not clear how 
far the progradational environments discussed above can be 
traced Vinethis «directions: Immediately southeast of Great 
Palls, bhack carbonaceous shale; coal,’ and ltenttcutlar 
sandstone and siltstone occur near the top of the Morrison 
(Harris, 1966), facies which have been interpreted as the 
product of lacustrine deposition in a closed basin 
(Peterson, 1966). lt seems more reasonable, however, to 
postulate ae connection of this basin with the 
northwesterly-directed drainage system which fed into the 
Kootenay sea. 

Across the American portion of the western interior 
basin, variegated mudstones, suiesveness and sandstones of 
the Morrison Formation were derived from the west and 
deposited under continental conditions during the latest 
Jurassic. Aggradation continued uninterrupted from late 
Oxfordian time, and thus the Morrison lies conformably on 
marine Oxfordian strata over most of the western interior. 


In response to the northwestward retreat of the sea, the 
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marine - continental boundary becomes younger to the 
northwest. The Belt Island trend had subsided almost 
completely by the latest Jurassic, although Suttner (1969) 
showed that it was still shedding coarse clastic debris 
during Morrison time. Walker (1974) suggested that the 
Williston Basin may have been the depocentre for several 
systems of internal drainage, although streams which 
followed the course of retreat of the sea drained a 
substantial portion of Montana. Several workers have 
postulated a large influx of volcanic ash into the foreland 
and craton ro ipilatiorm thasiins ‘durimg. Morrison time, but such 
an influx is of minor importance when the ash content of 
some of the overlying strata, (eg. the Cloverly of Wyoming) 
is considered. 

Latest Jurassic and earliest Cretaceous events in the 
Canadian portion of the western interior are less clear. 
Sufficient relief still existed on the Sweetgrass Arch to 
prevent any substantial amount of sedimentation. Uist: txt 
centred in the north toward the Canadian Shield caused 
Jurassic strata to be upturned and eroded to the south, thus 
deitmoy ung Sthe: recond tof tthe ynonrthenn! reaches sot ceive 
Juinia sis lic rSys tem. Fluvial sediments of the S2 member of the 
Success Formation derived from the uplifted shield were 
deposited over southern Saskatchewan (Christopher, 1974), 
while in central Alberta and Saskatchewan, the Deville 
Member formed as a weathering residuum over the broad, 


low-relief plain floored by Mississippian and Devonian 
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carbonate bedrock. Coarse clastic debris was confined to 
the Alberta Trough to the west, and was thus not transported 
onto the cratonic platform. 

Relationships among the Morrison, Success, and Deville 
units are unclear, but they all accumulated slowly over long 
periods of time during the latest Jurassic and earliest 
Cretaceous. Both the Deville and Success are shown in 
Fig. 22 to be younger than the Morrison, but it is possible 


that all three are largely contemporaneous. 


E Late Neocomian - Middle Aptian 

A long period of stable tectonic conditions marked the 
Neocomian of the western interior; consequently, very slow 
erosion or aggradation took place over most of the area 
PE 30). in othe! Canadian portionvof: the cratonic basin, 
channelling of the Mississippian and Devonian bedrock 
surface took place as the Deville Member and Success (S2) 
Formation continued to accumulate (Williams, 1963; 
CRE S tOpher...:97 5.) In most areas to the south, deposition 
of the Morrison Formation had effectively ceased by early 
Neocomian time. The Kootenay sea had retreated north along 
the Alberta Trough, leaving a broad alluvial plain which 
experienced prolonged erosion. Long-term pediment 
development deeply eroded the Kootenay Group on the eastern 
flank of the Columbian Orogen (McLean, 1977). 

Tectonic activity in the western orogenic terranes 


increased markedly at some time during the late Neocomian. 
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FIGURE 30 
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In southern and central British Columbia, the composite 
allochthonous terrane | of Price et al. (1981) was pushed 
against the miogeoclinal wedge of Paleozoic strata with 
renewed vigour, resulting in an acceleration of the rate of 


uplift of source areas immediately west of the Alberta 


Trough {ehhiks AGtivity tmay ireflectathe scolliision and 
suturing of composite allochthonous terrane ||, another 
group of small land masses transported toward the continent 


by convergent plate motions, farther to the west. Similar 
events occurred at approximately the same time to the south 
along the Nevadan Orogen. Igneous activity also increased, 
as major intrusive bodies were emplaced in Idaho and British 
Columbia (McGookey et al., 1972). 

Clastic influx into the foreland basin was renewed as 
the result of western orogenesis. At the western edge of 
the Alberta Trough, coarse alluvial fan sediments of the 
Cadomin Formation, eroded primarily from the upthrust 
miogeoclinal upper Paleozoic strata, overlapped the pediment 
gravels which continued to accumulate downslope (Schultheis 
and Mountjoy, 1978). In the eastern part of the trough, 
coarse sediments of the Cadomin and Cut Bank Formations were 
deposited in alluvial fans and pediments and in a 
northward-draining river system. A dry climate, favouring 
episodic depositional events, was suggested by several 
workers, including McLean (1977) and Schultheis and 
Mountjoy (1978). McLean postulated that fluvial aggradation 


began only after a rise of base level from early Neocomian 
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hevelis:; “possibbhy Sasethe nesult of =the blockage of «the 
drainage system by an alluvial fan complex. The Cadomin and 
Cut Bank Formations are bounded to the east by sharp valley 
walls, which prevented coarse detritus from reaching 
eastward into the cratonic basin during the late Neocomian. 

Although most of the Belt Island trend remained low 
during the Early Cretaceous, minor uplift along the 
Sweetgrass and North Battleford Arches and over the adjacent 
Swift Current Platform helped to define a southern boundary 
of vthestCut Bank = Sprrit River drainage system (Figs. 24, 
30). This uplift was the product of renewed activity along 
the ancestral Sweetgrass Arch trend, which in turn was 
probably connected with the increased western orogenic 
activity. Walker (1974) outlined an area in northern 
Montana where the basal "Kootenai" coarse clastics are 
absent, suggesting that this was part of the paleotectonic 
high. Deep channelling took place over the Sweetgrass - 
Swift Current Platform as it was uplifted, as exemplified by 
the Whitlash Valley in the thesis area and several 
pre-Cantuar "valley-forms" in southwestern Saskatchewan 
outlined iby -Christopher “(197h, 1980)... 

While streams flowing from the western uplands in 
northern Montana were diverted to the north, streams in 
central Montana and further to the south drained out into 
the ¢cratonic platform. Aprons of coarse clastic sediment 
were laid down in pediment, alluvial fan, and various 


fluvial environments in a fairly narrow strip along the 
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upland flank (Stokes, 1950; Peterson, 1966; McGookey 

et abo, \l9/2jemmihneseystrata include the basal. "Kootenai" 
Sanastone otmcentral and southern Montana, the Pryor 
Conglomerate of northern Wyoming, the Ephraim Conglomerate 
of southern Idaho and northern Utah, and numerous similar 
Upiatsto the south. 

Drainage from the cratonic platform was generally 
toward the Boreal sea in northern Alberta and British 
Columbia, although several internal drainage systems may 
have persisted from Morrison time. The Deville Formation 
and possibly the S2 member of the Success Formation 
continued to accumulate slowly in Alberta and Saskatchewan. 
Little coarse detritus was deposited in the Big Horn Basin 
area, which was situated near the edge of the clastic apron, 
but thick bentonitic mudstones of the Cloverly Little Sheep 


Member accumulated as abundant ash derived from volcanic 


centres in southern Idaho was deposited. 


F. Middle Aptian - Earliest Albian 

By the beginning of the middle part of the Aptian 
stage, the western interior of North America had been 
subjected to a long period of erosion. A deeply channelled 
lowland mantled in residual weathering debris occupied much 
of what is now Alberta and Saskatchewan (Fig. 31). To the 
south, less erosion had taken place, but little aggradation 


had occurred in many areas. 
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FIGURE 31 
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Aggradation dominated over erosion during the middle 
Aptian and relatively fine clastic sediments were deposited 
over’the’ entire;western interior... Much of the-sediment was 
derived from Paleozoic miogeoclinal sedimentary rocks in the 
western orogenic belt, where uplift continued, although 
probably at a reduced rate. In southern Idaho, volcanic 
activity continued to supply abundant ash to areas to the 
East. 

The precise reasons for the sudden widespread 
deposition of fine sediment are unclear. Suttner (1969) and 
Walker (1974) proposed that older Paleozoic strata, 
characterized by pure carbonates and shales, became the 
primary source rocks, providing finer detritus than the more 
siliceous younger Paleozoic strata which were eroded earlier 
in the Cretaceous. The abundant presence of kaolinite and 
lacustrine sediments in strata south of the thesis area 
indicate increased vegetation and slow aggradation during 
the middle Aptian (Walker, 19743; Moberly, 1960). A more 
humid climate is therefore indicated, possibly as a result 
of slowed uplift and hence decreased elevation of the 
Columbian - Nevadan Orogen. Intrabasinal sediment sources 
probably became more important under humid weathering 
conditions. All three factors - decreased uplift, a change 
in source rocks, and more humid climate - probably 
Contr bUtederoethecwdepos i tion ofwfine clasties® 

In Montana and Wyoming, the Kootenai and Cloverly 


Formations were deposited, comprising variegated siltstones 
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and mudstones deposited in floodplain environments and. 
lenticular quartzose channel sandstones. Dacus'trrPne strata, 
characterized by dark shale, coal, and calcareous sediments, 
accumulated over large areas. In the Cloverly Formation of 
the Big Horn Basin area, siliceous hardpans and nodules are 
products of long-term weathering in large seasonal lakes 
(Moberly, 1960). 

Drainage on the cratonic platform trended primarily 
north to northwest (Fig. 31, this paper; McGookey 
et ral., PFO 72: "Nobeary TOTP y Christtopiver ! *1980) - A few major 
streams transected the Sweetgrass - Swift Current Platform 
by virtue of continuous erosion as the platform rose. 
Sedimentation over the platform was limited to the major 
valleys and their tributaries, which were filled with 
lenticular sandstone bodies and abundant floodplain red 
beds, while Jurassic and Mississippian strata were eroded 
from the interfluves. These valley-fill strata make up the 
Gladstone Formation of southern Alberta and the McCloud 
Member of the Cantuar Formation of southwestern 
Saskatchewan. 

A north-facing paleoescarpment of Jurassic strata cut 
by numerous stream valleys marks the northern edge of the 
Sweetgrass *— Swirreecurrent (plattorm. torethe north: ‘broad 
quartzose sand bodies and associated floodplain and 
lacustrine deposits were laid down by streams which migrated 
over large areas, restricted only slightly by broad valleys. 


Alluvial plain and marginal marine sandstones, deposited 
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where river gradients dropped sharply approaching the 
horthern® sea, are’ dominantein:central and*«north-central 
Alberta and Saskatchewan, where they are included in the 
Ellerslie Member of the McMurray Formation. Paleozoic 
sedimentary rocks and the Precambrian Shield lying to the 
northeast were important sediment sources. 

Near the beginning of Albian time, the Boreal sea 
transgressed southward, extending upstream along major river 
valleys (Fig. 31). Widespread deposition of lacustrine and 
swamp facies occurred as the lower reaches of stream systems 
became choked with fine sediments in response to the rise of 
base level. In Saskatchewan, the McCloud Member of the 
Cantuar Formation is capped by lacustrine and coal swamp 
facies (Christopher, 1974). Dark calcareous muds and minor 
sands of the "Calcareous' member were deposited throughout 
Alberta over a low-relief plain dotted with lakes and 
Swamps. Lacustrine conditions predominated for the entire 
post-Cut Bank, pre-Beaver Mines interval to the south along 
the SpirhteRiver  =<CutvsBank drainagessystem, as ‘the 
"Calcareous'' member directly overlies the Cut Bank Sandstone 
rmetchistarea? Immediately to the east, the Sweetgrass - 
Swift Current Platform remained sufficiently high to shed 
quartzose sandstones, which were deposited in deltaic and 
shoreline complexes in the lake(s) to the west 
(Walker, 1974; Burden and Hopkins, 1981). 

Depositional patterns in the American portion of the 
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transgression of the sea. In the foreland basin adjacent to 
the Nevadan Orogen, a large body of limestone and shale 
called the Peterson Limestone was deposited as the product 
of prolonged sedimentation in a large lake, which probably 
drained northward into the Cut Bank - Spirit River system 
(Glassnandi Wilkinson; 4980) <i aTheUBelte1slandetrend 
therefore must have subsided completely by this time, a 
conclusion reached independently by Suttner (1969). 
Renewed subsidence of the foreland basin at the 
beginning of Albian time after a long period of relative 
stability is suggested by the continuity of lacustrine 
faciesr along its: tbength:* Thus,7tittilersediment’ fromthe 
degrading western source area was transported out into the 


eratonicabas ineatrthisthimes 


Gs Early Albian 

Uplift in the Columbian and Nevadan Orogens was sharply 
renewed and igneous activity increased markedly during the 
early Albian. These events may reflect further collision of 
allochthonous terranes with those terranes that had already 
accretedetosthe craton. As a result, large volumes of 
coarse clastic sediment, characterized by a high percentage 
of feldspars and volcanic rock fragments, were eroded and 
transported into the foreland and cratonic basins. 
Mellon (1967) postulated that volcanic detritus was derived 
from vents situated along the western edge of the 


depositional basin. Abundant low-grade metasedimentary rock 
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fragments indicate that upthrust lower Paleozoic and 
Precambrian miogeoclinal strata were also being eroded. 

As the western orogenic areas rose, the Boreal sea 
advanced southward, as shown in Fig. 32. Relief on the 
pre-Cretaceous unconformity remained sufficiently marked to 
influence the pattern of marine advance. Tongues of the sea 
extended up the drainage channels, and the erosional remnant 
of the North Battleford Arch (the northern extension of the 
Sweetgrass Arch) (Fig. 24) limited the spread of the sea in 
west-central Saskatchewan (Leung, 1976). The sudden renewed 
influx of large volumes of sediment, combined with marine 
transgression, produced a distinctive sedimentary sequence 
of marine shales and siltstones which make up the Clearwater 
Formation. of central sand north-central Aiberta. Marginal 
marine and shoreline sand facies are included in the 
Wabiskaw Member of the Clearwater and the basal member of 
the Upper Mannville Formation in east-central Alberta and of 
the upper part of the Cantuar Formation in west-central 
Saskatchewan. 

In the central interior, continental sediments aggraded 
rapidly as base level rose and the heavy clastic influx 
cont mued..) Sandstone. es Ltis'tone, and mudstone were 
deposited in marginal marine, deltaic, and fluvial 
environments, making up the Upper Mannville of central 
Alberta, the Dimmock Creek and Atlas Members of the Cantuar 
in Saskatchewan, and the Beaver Mines Formation of the 


Foothills, southern Alberta, and northern Montana. Many 
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lakes, formed during "'Calcareous'" member time were filled in 
by prograding sand bodies. The distinctive 
volcanic-feldspathic lithology typifies most of the 
sandstones, although older sedimentary strata and the 
Precambrian Shield become more dominant sediment sources 
toward the eastern edge of the platformal basin. Sufficient 
sediment was deposited to fill in most of the 
deeply-entrenched drainage systems, although the Swift 
Current Platform was not completely covered until] the Atlas 
Member was deposited (Christopher, 1974). Subsidence 
continued in the foreland basin as a westward-thickening 
wedge of sediment accumulated. 

In southern Montana, Idaho, and Wyoming, the effects of 
uplift and transgression were less profound. In the 
foreland basin, the Bechler Congomerate was deposited over 
the Peterson Limestone in pediment, alluvial fan, and 
braided fluvial environments closely analogous to those in 
which the older Ephraim and Pryor Conglomerates were 
deposited. Coarse sediment was trapped so effectively in 
the rapidly-subsiding trough that sedimentation patterns in 
the east continued almost unchanged from Aptian time. In 
the Big Horn Basin area, slightly rejuvenated drainage 
caused deposition of more abundant fluvial sands in the 
Himes Member of the Cloverly Formation than had been 
deposited in the underlying Little Sheep Member. 

Deposition of the Blairmore and equivalent strata marks 


the end of a long phase of continental sedimentation in the 
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foreland basin, as the Blairmore is the uppermost unit of 
the ''Lower Molasse'" assemblage of Eisbacher et al. (1974). 
Sufficient progradation ultimately took place to move the 
Clearwater sea shoreline north again in the late early 
Albian. After this event, however, quiescent conditions in 
the western orogen and repeated transgressions resulted in 
the accumulation of a thick section of marine strata 
throughout the entire western interior during the 
mid-Cretaceous. Only when tectonic uplift was renewed 
during the Late Cretaceous Laramide Orogeny did molasse 


sedimentation finally fill in the entire interior basin. 
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Vill. PETROLEUM OCCURRENCE AND POTENTIAL 


Lithostratigraphic and chronostratigraphic correlations made 
in this thesis have aided in constructing a regional 
geological history of the western interior for the Late 
Jurassic and Early Cretaceous. These correlations, combined 
with environmental interpretations, can be used to better 
understand and predict the occurrence of petroleum in the 


aire als 


A. History and Present Activity 

Geologists realized as early as 1916 that considerable 
petroleum potential exists in Upper Jurassic and Lower 
Cretaceous strata of north-central Montana and southern 
Alberta. Stebinger (1916) in Montana, and Dowling 
et al. (1919) in Alberta noted that favourable structures 
and reservoir strata are present, but discovery and 
production awaited active exploration efforts. 

in March lof +1922, the tfirstwotl dtscovery twas *madein 
Sec. 16, Twp. 35N, Rge. 3W (Montana) by the Gordon 
Campbell - Kevin Syndicate, the well producing 
non-commercial amounts of oil from the basal Ellis sand 
(Sawtooth Formation). The first commercial well was 
Comp letedeinesecw 534, 0two. )36N, Roel e2Weby *thesSunbunst*0f] 
and Gas Company in June of 1922. One hundred barrels per 


day of medium-gravity crude were recovered from the Sunburst 


(basal Gladstone) sandstone (Hager, 1923). This well is 
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considered to be the discovery well of the large Kevin - 
Sunburst oil and gas field, which was developed extensively 
over the next few decades, and continues to produce today. 

Exploration activity accelerated immediately after the 
Kevin - Sunburst discovery. in. wi926, “the Cut.Bank of] sand 
gas field was discovered by the Sandpoint Berger #1 well 
(SENW 1 35N 5W), although development did not begin until 
HS ot. The Sandpoint weil, which recovered seven million 
Cubic feet, of gas per day*from the Cut Bank Sandstone, was 
drilled in an effort to find a (western) downdip extension 
LOmEne Kevin “SuUNbDUnS tT af te:td CBWixt, OGAd):. 

Both fields produce from numerous lenticular sandstone 
bodies within the lower part of the Blairmore, but even the 
early workers realized that the sands could not be reliably 
correiated between fields. Sustained wildcat drilling over 
the following years in both Montana and Alberta produced 
many discoveries of smaller fields in Mississippian, 
Sawtooth, Swift, Cut Bank, Gladstone, and Beaver Mines 
strata. Figure 33 (shows ithe present distribution of fields 
producing from Upper Jurassic and Lower Cretaceous 
reservoirs in the study area. Most of these fields are 
quite small, containing fewer than ten million barrels (1.6 
million cubic metres) of established oil reserves or ten 
billion cubic feet (280 million cubic metres) of marketable 
Gas: CB itlingss Geol, Society, 1958; Alberta Energy Resources 
Conservation’ Board, #1980)... The. Cut Bank and Kevin .- 


Sunburst fields originally contained more than ten times 
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Fig. 33. Oil and gas fields producing from Upper Jurassic and Lower 
Cretaceous strata, southeastern Alberta and north—central 
Montana. 
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these amounts, but their reserves have been greatly depleted 
by "S5C#yYears “Of “product ron: 

Petroleum exploration in the study area continues 
actively at the present time. in "the Alberta section, 372 
wells were completed to or below Lower Cretaceous and Upper 
Jurassic strata in 1980. Two hundred and fifty-one (67%) 
were classified as oil or gas wells, although some produced 
only from the Mississippian (Oilweek, 1980). In Montana, 94 
exploratory wells and a somewhat greater number of 
development wells (precise breakdown not available) were 
drilled in 1979. Twenty-five (26%) of the exploratory wells 
and about 70% of the development wells were completed as oi] 


or gas discoveries (TeSelle et al., 1980). 


B. Occurrence of Petroleum 

Petroleum has been found in every formation discussed 
in the thesis area except the Rierdon Shale. Trapping 
mechanisms are complex and diverse, involving both regional 
and local structural features as well as erosional and 
dépositional stratigraphicrcontrols. 

The Kevin - Sunburst Dome is the primary regional 
struetGral@features Chtg. “Sey. "its fohegureuien has 
controlled the migration of petroleum to the many fields on 
its flanks, while numerous smaller folds radiating from its 
northern end are Vocally-signiticant itn’ oil entrapment 
(Russell and Landes, 1940; Erdmann and Schwabrow, 1941; 


Herbaly, 1974). Deformation of strata caused by the 
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emplacement of the Sweetgrass Hills has affected the 
configuration of small fields in the immediate vicinity. 
Faulting has not significantly affected petroleum migration 
or entrapment on a regional scale. 

Stratigraphic controls of.petroleum entrapment fal] 
into two categories: deposition of lenticular reservoir 
sandstones, and pinchout of sandstones against relief on 
unconformity surfaces. Both categories are illustrated in 
the following discussions. 

The Sawtooth and Shaunavon Formations contain minor 
accumulations. usually of .gas.. They are rarely primary 
objectives of field development, but instead are exploited 
in conjunction with more productive Mississippian or 
Cretaceous strata. Reservoir facies are limited to an area 
near the trend of the ancestral Sweetgrass Arch, where beach 
and shaliow-marine sands were deposited. In Montana, gas is 
produced from the Sawtooth/Shaunavon in the Kevin - Sunburst 
and Utopia (Twp. 33N, Rge. 4E) fields and from numerous 
small fields near the Sweetgrass Hills. In each case, 
lenticular development of porous sandy facies near the top 
of aunonporous .carbonate..- siltstone sequence vis the iprimary 
trapping mechanism. In Alberta, shane ie produced from the 
Sawtooth only at Conrad (Twps. 5-6, Rge. 15W4) and Grand 
Forks (Twps. 11-12, Rges. 13-14W4). The Sawtooth has been 
deeply eroded at both locations, a process which produced 
traps in remnants of the formation that are sealed .by 


overlying impermeable Blairmore strata. 
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Small amounts of oil and gas are produced from the 
Swift Formation in a number of fields, which are also 
usually only exploited inyconjunction with more prolific 
Cretaceous reservoirs. Petroleum accumulations are almost 
entirely stratigraphically controiled, occurring only where 
a sufficiently thick lenticular section of marine bar 
sandstone has been deposited. Numerous small fields in the 
Sweetgrass Hills, the Ethridge field (Twp. 33N, Rge. 4W), 
and the Shelby field (Twps. 32-33N, Rges. 1-2W) produce from 
the Swift in Montana. The Swift does not produce in 
Alberta, although potential reservoir facies are developed 
(for example) in Twp. 4, Rge. 7Wh. 

Many of the largest oil and gas accumulations in the 
study area are found in the Cut Bank Sandstone, trapped by 
both structural and stratigraphic mechanisms. In the large 
Cut Bank field, oil migrated up the regional dip on the west 
flank of the Kevin - Sunburst Dome, and was trapped where 
the Cut Bank Sandstone pinches out against impermeable Swift 
strata making up the eastern escarpment of the Cut Bank 
Valley. Fine-grained floodplain and lacustrine facies of 
the Gladstone Formation provide the upper seal. A similar 
trapping mechanism operated at the Border - Red Coulee and 
Darling pools immediately to the north. In the Taber 
(Alberta) area (Twps. 7-10, Rges. 15-17W4), where numerous 
small fields produce from the Cut Bank Sandstone, the 
regional dip is almost directly north (Fig. 5c). Because 


the Cut Bank Formation is so uniformly porous and permeable, 
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much of the petroleum which may have originally been present 
in this area has migrated south toward the Kevin - Sunburst 
euTmination, finally being trapped in ithe Cut Bank field. 
North of the international boundary, oil and small amounts 
of gas were trapped primarily in south- to east-trending 
breaks in the face of the eastern escarpment. Small “foVvds 
and faults are also important in the configuration of these 
traps (Russell and Landes, 1940). Overlying and possibly 
some equivalent fine continental facies form the upper 
seals. 

The Gladstone Formation contains most of the rest of 
the important petroleum reservoirs in the study area. 
Almost all the Gladstone fields produce from lenticular 
sandstones which’ fill valleys cut°rnato the Swift Current - 
Sweetgrass Platform. Some production around Twps. 36-37N, 
Rges. 4-6W (Montana) is from the Moulton member, which 
comprises shoreline sand bodies deposited around lakes in 
which "Calcareous' member strata accumulated. Almost every 
trap in the Gladstone can be attributed to the pinchout of 
porous sandstone against impermeable valley walls and/or 
within contemporaneous fine-grained sediment. Most of the 
frelds shown in Fig. 33 "east ‘of ‘the Cut “Bank Valley produce 
at least some oil and gas from the Gladstone. Especially 
notabre sis the targeskevin’-— “Sunburst *freld, made “up of 
numerous small pools in channel sandstones on the western 
frank of the Kevin= = sunburst Dome;/and the Grand Forks 


field (Twps. 11-12, Rages. 13-14W4& (Alberta)), which’ produces 
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primarily from a Gladstone sandstone filling valleys cut 
into the northern edge of the Swift Current - Sweetgrass 
Platform. 

Beaver Mines strata have not been studied in sufficient 
detail in this thesis to warrant an analysis of petroleum 
occurrence. In the thesis area, the Retlaw (Twps. 11-13, 
Rges. 18-19W4), Enchant (Twps. 12-15, Rges. 15-17W4), and 
Tunin’ (twos. b0=<hT, Rages. © 18-19WH) frhetds atl produce from 
the "Glauconitic'" sandstone of the basal Beaver Mines 


Formation. 


CG: Future Petroleum Exploration 

Much petroleum remains to be discovered in the Upper 
Jurassic and Lower Cretaceous strata of the study area. Ke 
is clear that individual future finds will be modest in 
size, although aggregate reserves may be quite respectable. 
Sufficient borehole data now exist to support detailed 
regional investigations of the depositional and erosional 
controls on the distribution of each formation, which can 
provide very valuable background data for local evaluations. 
Onhy with theireakd can#argeologist@fullycassess the 
petroleum potential of a particular parcel of land. Some 
suggestions for regional evaluations are given below. 

Petroleum in the Sawtooth and Shaunavon Formations is 
found in lenticular sandstone reservoirs which were 
deposited in shallow marine and beach environments. The 
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detailed lithofacies map to outline areas containing 
potential reservoir facies. A detailed isopach map would 
elucidate the paleotopography of the Mississippian erosional 
surface, thus pinpointing, for example, pinchouts and 
possible beach sand accumulations. Also important would be 
an evaluation of diagenetic controls on porosity and 
permeability of the sandstones, which appear to be 
significant factors controlling petroleum entrapment in 
several fields. 

A detailed regional study of depositional parameters 
controlling the trend, size, and shape of potentially 
productive lenticular sandstone bodies would greatly enhance 
evaluation of petroleum production in the Swift Formation. 
An investigation utilizing all the well control available 
could build on the general model of marine bar sand 
deposition, attributing preferred sand bar configurations to 
specificepaleocurrent directions and to the influence of the 
ancestral Sweetgrass Arch. 

Locating potential reservoir strata in the Cut Bank 
Formation) ts HOotwditr toult.. Dut “frndings thaps oS -a. ma .or 
challenge. A detailed map of the paleotopography of the 
eastern edge of the Cut Bank Valley and the immediately 
adjacent valley and highland areas might help to pinpoint 
breaks in the valley wall and therefore potential traps. 

A reconstruction of the paleodrainage patterns on the 
eroded Swift Current - Sweetgrass Platform would be 


invaluable in provedumgsa basis for the evaittation of the 
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characteristics of possible valley-fill sandstone reservoirs 
in the Gladstone Formation. Paleotopographic 
reconstructions such as those outlined by Branch (1976) for 
the Fred and George Creek field (Fig. 33) and by 

Berry (1974) for the Grand Forks field are useful for 
interpreting paleodrainage trends. Suchemapseanrenrdiftiicult 
to draw for larger areas, however, because there are no 
reliable regional stratigraphic markers near the Jurassic - 
Cretaceous unconformity (note the use of the Fish Scales 
zone as a stratigraphic marker in this thesis). 

In summary, regional geologic studies of potential 
producing strata can provide an invaluable framework upon 
which local evaluations can be constructed. Geophysical 
methods, particularly seismic, provide valuable additional 
data, although the thinness and lenticular nature of most of 
the potential reservoirs severely limit the applicability of 
geophysical techniques. injche et thal nanaliysissronly ivery 


intensive drilling will fully evaluate petroleum prospects. 
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1X. SUMMARY 


Southern Alberta and north-central Montana are critical to 
the interpretation jof ‘baite ‘Jurassic. and Early Cretaceous 
stratigraphy in the western interior of North America. This 
area straddles the north ~- south trending Sweetgrass Arch, 
from which strata dip westward toward the Alberta Syncline 
and eastward toward the Williston Basin. Equally important 


from the viewpoint of stratigraphic nomenclature is the 


Canada - United States border, which runs east ~- west 
through the centre of the study area. Pn this tehestis se rthe 
Upper Jurassic and Lower Cretaceous lithostratigraphy was 
interpreted and refined using lithological and 


paleontological data from drill cores and geophysical log 
data. This Jlithostratigraphic scheme was integrated with 
schemes from su rounding areas to provide a unified 
interpretation of the Late fee ere and Early Cretaceous 
geological history over the entire western interior. 

Marine sedimentation commenced in the study area in the 
Middle Jurassic after a prolonged period of erosion. 
Shallow to marginal marine sandstone, siltstone, SHAAN and 
limestone of the Sawtooth and Shaunavon Formations were 
deposited and subsequently partly eroded, leaving an 
erosional surface of moderate relief underlain by 
Mississippian carbonates and Middle Jurassic clastic and 


carbonate strata. 


G2 


a) Pees CIN AOR, ee 1, on ‘nil Wo 


7 (Dr. Dass wi 7 sie, | 4h, pf ty nis aa ir! veg ee badaias 
inti ba net ene sl gen mi wabaed hind min 


pay eanht pe ad 

ipigie i tinge einer, an aus ere seca 

om : a dae | ani 
TOP ® ais, at eens: ‘inten itl sd 


ofan ne ay oe pet an pa és si nip of! i c 
* angi inh new Tre a4 ee oe. estat ane, +) 9 


2 a Bh na ; Lipa 


Tk eb gn ara ihe a 


(a cal ay pate od Teta Wy eh “ah 


Shae wae Kteh te 2 10¢ eens ; 


iets dete > ey ip igs * z ke dil enetnraenna y 
big. gia dui rh 8 ‘whpian aha iain ic 


wa! a wee ah Ta enna aiereewrtalas 


Ker na v0 nae ot Ny } 


Mates ice 


meee wi ‘9 net ‘ai ‘babe! alas: Pt sana 
SOT oy Ne unas Te Ragen a) 


ne ws sem “oebe tw taal qi hanes onde oa 


se ; tie ot vain, a oh i Py pareny a +a wpeyoue 


horns or. at ag phe ste ee mise am soar nad : he ; i) i 
Al ve eat ‘*F noone i 

| i fl a ee a 
a : , f A i , Wh A} i a 5h Ale ine i tifa : Py ; i ag 

' : \ as, { | 


a 


198 


Early Callovian strata comprise widespread homogeneous 
shallow marine calcareous and non-calcareous shales of the 
Rierdonthormations  GMtinorterosiontoccurred during ther late 
Callovian as the sea regressed, although a substantial part 
of the formation was removed over the Sweetgrass Arch. 
During the early Oxfordian, the transgressive basal dark 
shale member of the Swift Formation was deposited. As the 
sea began to retreat, silt- and sand-sized detritus was 
transported from source areas: to the west Into the study 
area by storm currents, and was deposited along with dark 
mud in marine bar and interbar facies of the ribbon sand 
member of the Swift. Erosion took place from late Oxfordian 
through latest Neocomian time, resulting in deep channelling 
onTthenturass ices thrata- 

Basal Cretaceous strata of the study area are included 
in the Blairmore Group because their lithologies compare 
more closely with those of the Blairmore Group of the 
Foothills than with those of the Mannville Group, which is 
defined in the central Plains of Alberta. Siliceous 
sandstones and conglomerates of the Cut Bank Formation were 
deposited in streams occupying the westerly Cut Bank Valley 
during Neocomian (?) and early Aptian time. Finer fluvial 
sands and floodplain facies of the Gladstone Formation were 
laid down over the entire area during the Aptian, and are 
overlain by earliest Albian lacustrine dark shale, 
limestone, and sandstone of the 'Calareous' member. 


Continental sandstones of the Beaver Mines Formation, 
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characterized by sandstones containing abundant feldspar and 
volcanic debris, cap the succession. 

Marine Jurassic strata in the study area can readily be 
correlated to the west, south, and east, but have been 
removed by pre-Cretaceous erosion near the northern edge of 
the thesis area. The first major marine advance onto the 
craton in the Middle Jurassic can be traced over large 
areas, but poor water circulation and widespread marginal 
marine to evaporitic conditions prevailed, as indicated by 
the presence of red bed and evaporite lithologies to the 
south and east of the study area. 

More open marine conditions prevailed during the early 
Callovian advance, as strata of the Rierdon Formation were 
laid down over southern Alberta, most of Montana, and the 
western Williston Basin. Equivalent strata include the 
Lower Sundance Formation of the northern and central Great 
Plains, the Rush Lake Shale and Roseray Sandstone of 
south-central Saskatchewan, and the Grey beds member of the 
Fennttechormat ion’ inrthessouthernwaA bherta Foothi bis. "All sof 
these units indicate deposition of muds over a broad shallow 
shelf area. Some evidence of coarser shoreline and 
regressive facies are found in the Lower Sundance of 
northern Wyoming and the Roseray of Saskatchewan. 

An even more extensive marine transgression during the 
early Oxfordian is recorded by widespread dark shales which 
make up the basal Swift Formation in southern Alberta and 


Montana, the lower part of the Upper Sundance Formation to 
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the south and east, the Masefield Shale in Saskatchewan, and 
part of the Green beds member of the Fernie in the southern 
Alberta Foothills. The marine bar sand facies deposited 
during the subsequent regression in the Swift can be traced 
southward through Montana and into the upper part of the 
Upper Sundance further to the south and east, and eastward 
Pntoscther"S)"vunttsof the Success. Formation. Up ri kts oF 
sources areas to the west is recorded by coarse nearshore 
facies in western Montana and a coarsening-upward succession 
in the Passage beds of the Fernie in the Alberta Foothills. 

Continental strata of the Morrison Formation grade 
upward from the marine Oxfordian, and continued to 
accumulate over the American portion of tne western interior 
during the latest Jurassic. Erosmonttcoki place tortkhe thar th 
and continued over the entire cratonic basin during the 
earliest Cretaceous, producing residual weathering deposits 
of the Deville Member of the Mannville Group in central 
Albertiageandsthen'S2ueuntrio€ chetsuecesstfhormatwronr an 
Saskatchewan. Prograding shallow marine to fluvial facies 
of the Kootenay Group were deposited in the Alberta Trough 
at the same time. 

Renewed uplift of western source areas triggered 
deposition of “coarse clasti¢s along the western edge of the 
craton in pediment, alluvial fan, and fluvial environments, 
beginning about the latest Neocomian. These sediments are 
included in the Cut Bank Formation in northern Montana and 


southern Alberta, the Cadomin Formation of the Alberta 
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Foothills, and the Pryor and Ephraim Conglomerates in 
Wyoming and Idaho. Generally finer continental sediments 
were deposited somewhat later as the source areas degraded, 
different source lithologies were exposed, and the climate 
became more humid. These include the Gladstone Formation in 
southern Alberta and northern Montana, the Cloverly 
Formation in Wyoming, the McCloud Member of the Cantuar 
Formation in Saskatchewan, and the McMurray Formation and 
Lower Mannville Formation of central Alberta. Widespread 
lacustrine to marginal marine deposits are evident at the 
LOD oh enost fof €ihe se Cunmittce isroniriying ta solse (itn e@regiana'l 
base level. 

The stratigraphic sequence discussed in this thesis is 
capped by sediments deposited in continental to marginal 
marine environments which became more marine in character 
northward toward the advancing Boreal sea. Renewed uplift 
to the west, probably caused by increased interactions of 
allochthonous terranes at the western edge of the craton, 
caused igneous rocks to be exposed and eroded, resulting in 
a fairly sharp influx of feldspathic and volcanic sediments 
into the cratoni:c and foreland basins: These strata are 
included in the Beaver Mines Formation in southern Alberta 
and northern ‘Montana, the Clovernly Formation to the south, 
the Dimmock Creek and Atlas Members of the Cantuar Formation 
in Saskatchewan, and the Upper Mannville and Clearwater 


Formations in central and northern Alberta. 
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Considerable reserves of petroleum are trapped in Upper 
Jurassic and Lower Cretaceous strata in southern Alberta and 
north-central Montana, but extensive drilling is needed to 
discover and exploit the numerous small reservoirs. Studies 
which may aid in exploration strategies include: 
determining regional depositional patterns to aid in 
prediction of sand bar geometries and orientations in the 
Swift Formation; mapping erosional breaks in the eastern 
wall of the Cut Bank Valley, where petroleum might be 
trapped in the Cut Bank Sandstone; and mapping Early 
Cretaceous paleodrainage patterns which controlled 
deposition of lenticular sandstones of the Gladstone 


Formation. 
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EXPLANATION OF (PLATE 1 


A. McColl - Frontenac Union 9A-22 (9-22-3-8W4) 


2920 feet 
Chert pebble - belemnite conglomerate, base of shale 
member of swift formation. (Scalewbars “are i cm. 
long). 


B. CMG Pan Am Pendor (11-35-2-9W4) 
2721 feet 

Typical development of dark-coloured, 
lenticularly-~bedded ribbon sand member of Swift 
Formation, showing silt streaks and siltstone lenses 
reodarkeshahe. oman light-coloured ‘spots are 
truncated Chondnttes burrows. GWhite scale. card is 5 
em... 1 On.gs). 


C. CMG Aden (6-31-1-10W4) 
2822 feet 
Typical development. of) light-coloured iribbon sand 
member of Swift Formation, showing lenticularly-bedded 
ecarse siltstone pinmarsn (NGkmmete ie, ewith) mos t 
mud-sized material confined to thin wavy beds between 
Silver theds. (Dime for scalevn 


D. CMG Cypress (6-23-7-3W4) 
4676 feet 

Dark ribbon sand displaying moderate bioturbation. 
Orikgiinal stl tostreaked to Lent ecumare bedding, .iSics tall li 
distinguishable, but most sand lenses are cut by 
mud-filled burrows, while sand-filled burrows are 
common in mudstone beds. Note large pyrite nodule. 
(Scawembars: ares ll .¢m. slong). 
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EXPLANATION OF PLATE 2 


A. CMG Black Butte (5-17-1-8W4) 
2962 feet 

Dark ribbon sand showing predominantly wavy bedding; 
note presence of both siltstone and cherty 
medium-grained sandstone lenses. Reactivation surfaces 
with thin mud drapes are common in the siltstone 
lenses, signifying variable wave and current energies. 
This core was taken near the Flat Coulee oil field, 
Where Olle is proaucedim@mrom h2- to 15-=foot beds of 
sandstone in the Swift. (Scale bars are 1 cm. long). 


B. CMG Pan Am Pendor (7-29-2-8wW4) 
2806 feet 

Dark ribbon sand displaying well-defined alternation 
between cross-~bedded fine sandstone beds and 
silt-streaked mudstone beds. Reactivation surfaces and 
mud drapes are common in the sandstone beds. This is a 
very clear example of the alternation of wave and 
current energies which occurred during deposition of 
the, ¢rabonasand. OScakellcard sis 5 ems tong). 


C. CMG Pakowki (6-2-4-7W4) 
2900 feet 
Dark ribbon sand composed of small-scale trough 
cross-bedded sandstone, with only isolated flasers of 
muddy material. (Scale bars are 1 em. long). 


D. Decalta Altair Milk River (2=-4-1-17W4) 
2778 feet 
Cut Bank Sandstone, showing typical development of 
large-scale planar cross-bedding. The lower sequence 
is truncated and overlain by a thin pebble layer and 
then another planar cross-bedded sequence. (Scale card 
is: 5.-om. longo 
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EXPUCANAE | ONEOF {PEATE 3 


Decalta Altair Milk River (2-4-1-17W4) 

2760 feet 
Cut Bank Sandstone, containing plastically-deformed 
mud clasts suspended in medium-grained litharenite. 
CScatlevecanrd vs 05 cms: lang). 


Decalta Altair Milk River (2-4-1-17W4) 

2797 feet 
Cut Bank Sandstone - conglomerate bed near base. 
Pebbles are primarily chert with some argillite. Note 
also the large coal fragment in the centre of the 
moto. “EScal cat dels 5..cm.. thong). 


CMG Pendor (10-20-3-7W4) 

2888 feet 
Sharp contact of basal Gladstene sandstone over ribbon 
sand member of the Swift Formation. Note the abundant 
mud clasts in the coarse-grained chert-rich sandstone. 
(Scale tbars vane hem. long). 


TNR Omega Comrey (10-27-2-5W4) 

SD 5 Feel 
Gladstone Formation - grey-greeny poorly-sorted silty 
mudstone, showing abundant root traces. (Scale bars 
are le ccmei Ong). 
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Pi ADE 3: 


EXPLANATION OF PLATE 4& 


CMG Black Butte (5-17-1-8W4) 

2943 feet 
Dark ribbon sandstone - photomicrograph of fine 
sublitharenite, composed almost entirely of quartz and 
Chektwy UbUbbyccrossed micols, treld width [O.5 mm. ). 


Westcoast Twin River (14-33-1-19W4) 

3545.5 feet 
Cote Bank Sandstone = iphotomicrograph) of, basal Wd rthi-c 
paraconglomerate. Almost all pebbles are composed of 
chert with variable’ staining; some show a number of 
inclustons. Matrixe its ccomposed, of fine- to 
medium-grained sublitharenite cemented by silica, anda 
with good intergranular ponosity. (Fully=-crossied 
Mmrcous. (fiend whdth VOv 5 imine). 
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EXPEANATI ON, OF PEATE 5 


A. CPOG Horsefly Lake (12-20-8-16W4) 
3197.5 feet 
Cut Bank Sandstone - photomicrograph of medium-grained 
calcareous litharenite. Grain composition is very 
typticad, of thes Cut iBank, “although, the amount of 
calcite cement its unusuatly high. (Fully-crossed 
n.ikcos 3 foreild. switidith--l0.5 mm..)'. 


B. CMG et ai Pendor (6-1-4-9W4) 


2853 feet 
Gladstone Formation: — photomicrograph of typical sbasal 
submature litharenite. The grains are predominantly 


quartz and chert, although there are some sedimentary 
rock#iragments CPU y-crossed nicols, field width 
10 25) \mm'.: 
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EXPLANATION OF PLATE 6 


A. Gridoil Teck Hays (16-28-13-14W4) 
3124.5 feet 


Gladstone Formation - photomicrograph of supermature 
lithic quartzarenite. Very well-sorted, cemented 
entinnely ebiveesissica. sands contains, an unusually high 


percentage of heavy minerals. (Fully-crossed nicols, 
field wrath 10.5. mm). 


B. Shell Manyberries (6-23-6-7W4) 
957.9 metres (3143 feet) 

Beaver Mines Formation - photomicrograph of submature 
feldspathic extralitharenite. Contains about 20% 
quartz, 10% variably-weathered feidspar, and 70% chert 
and volcanic rock fragments. Also present are detrital 
carbonate grains, dark micas, and plant debris. 
CFulliyia=emossedentcolsn stield wrath 10.5 mm.) . 
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APPENDIX A 


Core Descriptions 


This appendix presents descriptions of many of the cores examined for this thesis. The 
gescriptions are brief and are intended primarily to establish the dominant lithologies for the 
Purpese of stratigraphic correlation. The notes below are important for the use of this appendix. 

Depths listed on cores are often significantly different than depths plotted on geophysical 
jogs. Care must be taken to observe the sequences of lithologies and log responses in order to 
correlate the depth scales. 

Sandstone classification follows Chen (1968) (see text - Fig. 4). 

The use of the term “ribbon sand" implies a group of lithologies in the Swift Formation 
described completely in Chapter IV. Descriptions made in association with the term in this appendix 
serve only as modifiers. 

Palynological analyses were performed by both S.A.J. Pocock of Esso Canada Resources and 
&.P. Audretsch of Shell Canada Resources. Where their interpretations of a particular palynomorph 
assemblage do not agree, both interpretations are listed, and the author of each is indicated by his 
initials. "No flora/fauna recovered" implies that the interval was Sampled but that no fossils were 
found. Finally, the term "DRS florea" is used to signify a palynomorph assemblage found by 
A.P. Audretsch to be consistently associated with the dark-coloured ribbon sand member of the Swift 


Formation. 


Miami O11 TMCBSU #33-16 
SWSW 33 32N CW 

KB 3542; TD 3296 
3180-3224 feet 


FOOTAGE FORMATION DESCRIPTION 
3180-3183 Giadstone Mudstone, silty, dark maroon with green mottling. Some floating sand 
grains. 
3183-3191 Siltstone, grey-green, waxy. Fining-up; argillaceous at top, 


a@renaceous at base. Minor carbonaceous debris. 


3191-3202 Sandstone, silty to fine, sSubmature litharenite. Variably calcareous, 
some siderite. Thin sets of well-developed small-scaite trough cross 
bedding, especially near base. Indistinct basal contact. 


3202-3204.5 Cut Bank Sandstone, fine to medium, litharenite. Low-angie planar cross 
bedding. Some mud clasts. 


3204.5-3216 Sandstone, fine to medium, mature sublitharenite. Patchy calcite 
cement. Good porosity. Tarry oi1 stain obscures bedding. 


3216-3223 Sandstone, similar to above, no oi1 stain. Good planar low-angie 
cross bedding, variable set thickness. Some laminae with 
concentrations of mud clasts. Sharp basal contact. 


3223-3224 Swift Shale, medium - dark grey. Pyritic, mon-calcareous. 
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Salmon #1 Conway 
SENW 20 34N 11E 
KB 2930; TD 7113 
3316-3376 feet 


3316-3319 Gladstone 


3319-3322.5 
3322.5-3326 
3326-3328 
3328-3332 


3332-3336 


3336-3340 


3340-3343 


3343-3346 


3346-3355.5 


3355 .5-3361 


3361-3376 


Swift 


Shale, dark grey. 


Shale, green-brown, silty. Less silt to base. 


Shale, dark grey-green to biack. 


Mudstone, yellow-brown. 


Shale, biack. Lower Cretaceous flora recovered. 


Siltstone, yellow-brown, with carbonaceous Shale laminations. 
Thinily-bedded, with some tow-angie planar cross bedding. 


Mudstone, brown. Lower Cretaceous flora recovered. 


Siltstone, dark grey, with carbonaceous shale laminations. 
Thiniy-bedded, with minor trough cross bedding. Minor siderite. 


Mudstone, green, grey and brown. Lower Cretaceous floras recovered. 


Mudstone, yellow, massive. No flora recovered. 


Ribbon sand, light colour. Silt fraction approx. 90%. Wavy-bedded, 
with some small-scale trough cross bedding. Minor glauconite, pyrite. 
Slightly burrowed. 


Sandstone, fine- to med.-grained, brown. Variable silt and clay 
content, wavy-bedded, with shale laminae. Some smail lenses of hard 
coal at 3366. Variable glauconite, pyrite, carbonaceous material. 
Bioturbation moderate to abundant; less at base. DRS flora recovered. 
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Shell Blackfeet Tribal 
SWSW 28 34N &W 

KB 3994; TD 5112 
4532-4749 feet 


4532-4556 Gladstone 
(Calcareous) 


4S5S56-4563.5 


4562.5-4596 


4596-4605 


4605-4612 Gladstone 


4612-4616 


4616-4662.5 


4662.5-4670.5 


4670.5-4671.5 Cut Bank 


4671.5-4680.5 


4680.5-4698 


4698-4719 Swift 


4719-4749 Rierdon 


Sandstone, poorly-sorted, 
submature feldspathic extraiitharenite. Abundant plant debris. Large 
micritic modules at 4549-4550. 


Sandstone, as above, with abundant thin coaly partings. Horizontally 
laminated. 


Sandstone, as above. Well-developed low-angie pianar cross-beds, with 
coaly partings. Micritic module zone, 4572-4574. Sharp basal contact. 


Mudstone, silty, maroon and green. Calcareous, with calcite-filled 
veins. 


Siltstone, grey-green. Coarsens downwards. Contorted bedding. 


Siltstone, grading down to v. fine sandstone. Small-scale cross 
bedding, soft sediment deformation structures. 


Mudstone, silty, maroon and green. 


Siltstone, shaly, green-grey. Some small-scale trough cross bedding, 
but dominated by soft sediment deformation structures. 


Sandstone, interbedded fine and medium grained. 


Sandstone, fine to silty. Inmterbeddec with dark carbonaceous shale, 
wavy-bedded. Good small-scale trough cross bedding in sandy beds. 


Sandstone, interbeddec v. fine- to med.-grained mature 
sublitharenite. Low-angle planar cross bedding in coarser beds, 
higher-angle small-scale cross bedding in finer beds. Shaly partings 
and small shale clasts, abund. carbonaceous material present. Black 
Shale 4693-4695.5. Sharp basal contact. 


Shale, dark grey, fissile. Some carbonaceous debris - some large 
fragments. V. glauconitic 4608-4616; some giauc. lenses above and 
below. 


Shale, calcareous, interbedded with argillaceous limestone. Grey to 
green-grey. 
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Saimon #1 State A 
SWSW 18 35N 11E 
KB 2858; TD 3760 
32178-3268 feet 


3178-3186 Beaver Mines 


3186-3190.5 


3190.5-3192 


3192-3197.5 


3187.5-3200 


3200-3203.5 


3203.5-3208 


3208-3210 


3210-3216 Gladstone 
3216-3220 Swift? 
3220-3223 Swift 


3223-3240 


3240-3246 


3246-°3259.5 


3259.5-3268 


Mudstonme, green-grey, silty. More Silt, minor sand to base. Massive 
bedding. 


Sandstone, poorly-sorted, silty, lithic. Fining upward. Somewhat 
bentonitic.Massive; flat-bedded near base. Sharp basal contact. 


Siltstone, light brownish-grey. Massive. 


Sandstone, poorly-sorted, lithic. Abundant clay matrix. Massive. 


Mudstone, green-grey, arenaceous, grading down to purer brownish 
mudstone. Massive. Some brecciation near top. 


Sandstone, med.-grained, extrafellitharenite. Abund. bentonitic clay 
matrix. Low-angie planar cross bedding. Minor siderite. 


MISSING CORE 


Sandstone, as above, calcareous. 


Mudstone, green-grey to grey, variably silty, massive. Minor pyrite. 
Sharp basal contact. 


Siiltstone, 1t. grey, argillaceous. Wavy bedding; poss. light ribbon 
sand? Minor siderite and pyrite. Sharp basal contact. 


Ribbon sand, dark colour. Minor caicite, coaly debris. No 
bioturbation. 


Ribbon sand, dark colour. Wavy-bedded and thiniy-laminated. Coaly 
debris present in upper half; minor siderite around 3230; glauconitic 
below 3231. Bioturbation moderate to rare in upper half, not noted 
below 3231. DRS flora recovered. 


Siltstone, quartzose, argillaceous. Abund. dark shaie laminae. 
Low-angie planar cross bedding. Load structures in upper 3 feet. 
Glauconitic, minor coaly debris. 


Ribbon sand, dark. High silt content. Flat-bedded, some shale 
partings, poor development of lenticular beds. Variable but generally 
low glauconite content. Calcareous mear base. No bioturbation noted. 
DRS flora recovered. 


Ribbon sand, dark. Silt content not more than 30%. Minor pyrite. No 
bioturbation. ‘DRS flora recovered. 
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Salmon #1 Schaller 
20 37N 10E 

KB 2908; TD 3800 
3191-3321 feet 


3191-3213.5 Giadstone 


3213.5°3221 


3221-3224 


3224-3228 


3228-3242 


3242-3251 Swift 


3251-3253 


3253-3257.5 


3257.5-3297 


32987-3310 


3310-3321 


Mudstone, dark green-grey, variably arenaceous and silty. Some 
thinly-bedded intervals. Minor pyrite, carbonaceous material. No 
flora recovered. 


Sandstone, poorly-sorted, silty immature (sub)litharenite. Low-angile 
planar cross bedding. 


Sandstone, med.-grained, extralitharenite. Low-angle planar cross 
bedding. 


Mudstone, light green-brown, slightly silty. Minor pyrite. 


Sandstone, v. fine to fine sideritic lithic quartzarenite. Fine 
lamination and wavy bedding. Sharp basal contact. 


Ribbon sand, it.-med. colour. 


Minor pyrite. Slightly bioturbated. 


Shale, biack, flat-bedded. Siity at base. Nondiagnostic flora 
recovered. 


Sandstone, fine, submature sublitharenite. Some shaly laminae. 
Slightly bioturbated. 


Ribbon sand, dark colour. Sand content decreases to base. Minor 
Siderite, pyrite near base. Sand JIenses with small-scale trough cross 
bedding. Little put variable bioturbation. ORS (nmonmarine) flora 
recovered. 


Siltstone, shaly. Some high-angle small-scale trough cross bedding. 
Minor pyrite. DRS (transitional to marine) flora recovered. 


Shale, brownish-biack. Upper Jurassic marine flora recovered. 
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Cardinal State-Darrow #8-8 
SENE 8 37N SE 

KB 3724; TD 2997 

2896-2926 feet 


FOOTAGE FORMATION DESCRIPTION 


2896-2897 Swift Ribbon sand, dark colour. Silty to med.-grainmed sand, in lenses of 
variable thickness. Coal fragments present; non-glauconitic. 


2897-2900 Sandstone, fine to med., submature litharenite. Abund. shaly clasts 
and partings, some large coal fragments. Cleaner to base. Minor oi1 
stain. 

2900-2905 Sandstone, as above, v. clean. Abund. shale partings. Minor 


glauconite, minor oi1 stain. 


2905-2918 MISSING CORE 
2918-2923 Sandstone, as above. 
2823-2926 Ribbon sand, dark colour. Good lenticular bedding, quite variable 


gevelopment of sand lenses. Some small-scale trough cross bedding. No 
good glauconite or plant material. Bioturbation scarce to moderate. 


Sumatra Fey-Apex 31-26 

NWNE 26 37N 2E 

KB 3740; TDR 2720 

2578-2610 feet (poor recovery) 


FOOTAGE FORMATION DESCRIPTION 


2579-2606 Giadstone Sandstone, fine, quartzose. Fining upward slightly; less lithic to 
top. Excellent porosity, abund. oil staining. 


2606-2610 Sandstone, fine, lithic. Abund. clay matrix, abund. shale clasts. 
Some carbonaceous debris and orange chert grains. 
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Albermont 
SENW 9 37 
KB 3704; 

2520-2577 


2520-2531 


2531-2533 


2533-2542 


2542-2557 


25857-2577 


2577-2639 


2639-2644 


2644-2653 


2653-2689 


CMG Black 


O’Hanilon et al Pugh #1 


N 4W 
TD 2709 
; 2639-2689 feet 


Gladstone 
(Calcareous?) 


Cut Bank 


Butte 5-17 


S-17-1-8W4 


KB 3529; 
2866-2984 


2866-2871 


2871-2872 


2872.5-28 


2877-2881 


2881-2906 


2906-2913 


2813-23820 


2920-23943 


2943-2957 


TD 3258 
feet (wireline) 


Gladstone 


77 


Swift 


Sandstone, poorly-soerted 
submature sublitnarenite. Some mudstone interbeds. 


Siltstone, sandy and shally, grading down from above. 


Shale, med. grey, slightly silty. Some floating sand grains. Abundant 
coaly material. 


MISSING CORE 


Numerous thin fining upward units, thickest about 20 cm. thick. 
Grades from sublithic sand to shale. Occasional thin pebbly beds, a 
few mudciasts. Possibly stacked crevasse spiay deposits. 


NO CORE 


Sandstone, med. to coarse extralitharenite. Massive, with some v. 
low-angle planar cross bedding. Mud clasts scattered in basal foot. 


Sandstone, fine to v. fine, quartzose. Irreg. interbedded with silt 
and more lithic coarser sand. Abund. pyrite. 


Sandstone, med. to coarse, litharenite to extralitharenite. Overall 
fining upward. Well-developed pervasive low-angle planar cross 
bedding. Two thin coaly shale partings. Thin clean silica-cemented 
conglomerate near base. 


Mudstone, it. grey, silty, soft. No flora recovered. 


Sandstone, v. fine-grained, somewhat lithic. Bentonitic clayey 
matrix, approx. 30%. 


Mudstone, as above. 
Sandstone, as above. 


Mudstone, silty; maroon, green, and grey. Some thin interbedded 
fine-grained cross-bedded sands - poss. crevasse splays. Some pliant 
debris; siderite in sands. No flora or fauna recovered. 


Ribbon sand, light colour(?); sand 50%+. Some siderite. No gradation 
eof colour downwards. Poss. not related to ribbon sand below. 


Ribbon sand, dark colour; less than 30% sand. Thin fiat sand lenses, 
minor bioturbation. Abund. siderite, no glauconite. DRS flora 
(nonmarine) recovered. 


Dark ribbon sand; sand 60%+. Lenses thicker, bioturbation extensive, 
esp. in sandier intervals. Little siderite, mo glauconite. 


Sandstone, v. fine to fine sublitharenite. Fairly massive, w. abund. 
Shale partings. Minor glauconite. (See Plate 4a) 
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2957-2970 Dark ribbon sand; sand content variable, 
bioturbation low. Some lenses definitely coarser - cherty 
to sublitharenite. Some siderite in sand lenses. 


(See Plate 2a) 


2970-2984 Shale, med. - dark grey. Upper contact unclear, 


similar to that in ribbon sand. Some v. 


up to 60%. 


thin silty 


Lenses gen. thin, 


Titharenite 


DRS flora recovered. 


not sharp. Shaie 
intervals. Plant 


debris and pyrite present. Marine Upper Jurassic paltynomorphs, 


nondiagnostic microfauna recovered. 


CMG Stikr Black Butte 6-29 
6-29-1-8W4 

KB 3382; TD 3370 

3060-3088 feet 


3060-3068 Giadstone Sandstone, fine to med. litharenite. Massive, 


oil stained. 


homogeneous. Lightly 


3068-3075 Sandstone, as above, but with intervals of fiat bedding and 


cut-and-fill. Minor shale clasts. 


3075-3078 Sandstone, fine - med. litharenite. Abund. 


Partings; good large-scale high-angle planar cross-beds. 


light shaly-silty 


Some soft 


carbonaceous piant 


sediment faulting in basal foot. Sharp basal contact. 
3079-3082 Swift Shale, dark grey, silty, mot micaceous. Abunda. 
debris. No flora recovered (APA); indeterminate, prob. 


flora recovered (SAJP). 


3082-3088 Siltstone, shaly. Brecciated; no other bedding apparent 


reworked. Some pliant debris. No flora recovered. 
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CMG Biack Butte 7-29 
7-29-1-8W4 

KB 3404; TD 3270 
3069-3114 feet 


3069-3096 Gladstone 


3096-3097 


3087-3099 


3099-3101 


3101-3105 


3105-3114 Swift 


McColl - Frontenac Union 16D-29 
16-29-1-Sw4 

KB 3408; TD 2235 

2910-3074 (wireline core) 


2910-2817 Gladstone 


2917-2943.5 


2943.5-23960 


2960-2966.5 Swift 


2966.5-3063 


3063-3074 Rierdon 


Sandstone, mature(?) litharenite, (minor) variable clay matrix. 
Stacked sand units; numerous sharp contacts. Low-angle planar cross 
bedding. Lightly oil stained. ; 


Mudstone, grey, with abund. sand and silt grains. 
Sandstone, med. to fine, some clay matrix. A few pebbies. 
Mudstone, grey-green, with floating sand grains. No ficra recovered. 


Sandstone, mature litharenite, med. to fine. Good planar cross 
bedding, some minor small-scale trough cross bedding. Erosional basal 
contact. 


Ribbon sand, light colour. Very sandy at top, decreasing to 25-30% 
sand at base. Minor to moderate bioturpnation. Darkens gradually 
downward over basal few feet. Siderite and plant debris very minor. 
No flora recovered. 


Mudstone, yellow, with silty brown zones. 


Sandstone, v. fine to fine poorly-sorted lithic quartzarenite. V. 
immature, abund. clay matrix. Overall fining upward. Scattered 
siderite modules, 1-2 mm. diameter. 


Sandstone, fairly mature fine- to med.-grained litharenite. Some 
finer, tight intervals. A few siderite modules. Erosional basal 
contact. 


Ribbon sand, light colour. Lenticular bedding not well-developed in 
upper three feet. No bioturbation. One sideritic zone at 2864. Fairly 
sharp colour change at base. No flora recovered. 


Ribbon sand, dark colour. Sand content 20-30%, good cross bedding in 
sand lenses. Some sideritic zones, glauconite absent except near 
base. One 2-3 cm. layer of med. cherty sandstone at 3048. 
Bioturbation minor except in 3018 - 3025. DRS flora (nonmarine) 
recovered. 


Shale, grey-green, calcareous, hard. 
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CMG Aden 6-36 
6-36-1-10W4 

KB 3280; TD 3004 
2810-2832 feet 


2810-2832 Swift 


&lcon Knappen 
6-1-1-11W4a 

KG: S723)-) TH) S245 
2956-23871 feet 


FORMATION 


2856-2959 


Gladstone 


2959-23864 


2964-2967.5 


2967.5-2971 


Ribbon sand, light colour. Sand content approx. 40%. Slight darkening 
mear base. Siderite conc. near top; minor pyrite, minor oi1 stain in 
larger sand lenses. Bioturbation minor throughout. (See Plate ic) 


Sandstone, fine- to med.-grained mature lithic quartzarenite. A few 
pebbles near base. 


Conglomerate; pebble-sized siltstone ciasts, med.-grained sandstone 
matrix. Tightly cemented. Erosional basal contact. 


Shale, dark grey-green. Minor pyrite, carbonaceous debris. Lower 
contact indistinct. 


Shale, med. grey, silty, hard. No flora recovered. 
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Lioyd Black Coulee 

7*=30-1-11W4 

KB 3217S; TD 2635 

2463-2503 feet (poor recovery) 


FOOTAGE FORMATION DESCRIPTION 
2463-2470 Beaver Mines Sandstone, extralitharenite, poorly-sorted. 
2470-2476 Shale, grey, soft, bentonitic. No flora recovered. 
2476-2498 MISSING CORE 
2498-2502.5 Gladstone Shale, med. grey, waxy, soft. 


(Caicareous) 


2502.5-2503 Limestone, tan, micritic. Slightly silty. 


CMP Coutts 3-13 
3-13-1°13W4 

KB 3530; TO 2673 
2590-2618 feet 


28930-2537 Swift Sandstone, med. to coarse extralitharenite. Var. clay cement. 
Irregular porous oji1 staining zones. 


2587-2601 Sandstone, fine - med. litharenite. More clay cement, some siderite. 
Mud flasers occur near base, grading down to lenticular ribbon sand. 


2601-2618 Ribbon sand, light colour. Variable siderite concentration. 
Bioturbation v. minor. 
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Cabeen Exploration Coutts 
11+23-1-15w4 

KB 3416; TD 2575 
2344-2374 feet 


2344-2349 Gladstone 


2349-2355 


2355-2374 


Union - Buckley Nose 
4-2-1-16W4 

KB 3513; TO 2525 
2405-2430 feet 


2405-2406 Cut Bank 
2406-2420 Swift 
2420-2430 Rierdon 


Sandstone, poorly-sorted, 
(poor recovery). Abund. 


dark Shaly litharenite. 
plant debris and coal 


Poss. 
fragments. 


fining upward 


Sandstone and siltstone, 
to fine, mature 


irregularly 
litharenite. 


interbedded. Sandstone v. fine 


Sandstone, med.-grained, 
Fairly massive. 


extralitharenite. Var. clay cementation. 


Sandstone, fine - 
coarser sandstone. 


med. 
Vv. 


mature extralitharenite. 
abund. pyrite, 


Contains lenses of 
minor reworked(?) glauconite. 


Shale, dark grey, somewhat silty, micaceous. Abund. silty lenses, 
abund. pyrite. Glauconite conc. in sharply-bounded jenses at 
2412-2413, 2418-2420. Plant fragments fairly abundant. Marine 


Jurassic flora recovered. 


Shale, dark grey-green, hard. Caicite-filled fractures at top. 
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Decalita Altair Milk River 
2-4-1-17W4 

KB 3809; TD 2915 
2650-2811 feet 


2650-2660 Gladstone 
(Calcareous) 


2660-2675 


2675-2678 


2678-2685 


2685-2736 Gladstone 


2736-2748 


274&-2750.5 


2780.5-27583 


2753-2769 Cut Bank 
(Type) 


2769-2780 


2780-2788 


2788-27889.5 


2789 .5-2797 


2787-2800 


2800-2806 


2806-2811 Rierdon 


Mudstone, greenish, with minor 
interbedded silty mudstone and sandstone. No flora or fauna 
recovered. 


Sandstone, v. fine to Silty. Var. proportions of silica and calcite 
cement, var. clay content. Planar-bedded with some low-angle 
cross-beds, becoming convoluted near base. Thin shale laminae 
throughout. 


Limestone, tan to greyish, argillaceous. Vuggy porosity near top. 
Abunda. shell fragments. 


Shale, calcareous, med. - dark grey. Sandy intervals near base. 
Abund. shell fragments. Brackish-water Aptian flora recovered. 


Mudstone, mottied maroon and green. Some silt, minor organic and 
micaceous matter. No flora or fauna recovered. 


Mudstone, silty, light green-grey. Some sandy intervals. Minor 
Pyrite. 


Shale, med. grey. No flora or fauna recovered. 


Sandstone, v. fine to fine. Abund. clay matrix. Argillaceous in lower 
foot. 


Sandstone, v. fine to fine mature te submature 

sublitharenite. Mostly massive; a few intervals of moderate to 
high-angie cross bedding. Some shale laminae and mud clasts. Gen. 
fining upward. Some nodular siderite. (See Piate 3a) 


Sandstone, fine to med. mature litharenite to extralitharenite. 
Numerous lag zones cf mud clasts, coarser sand, and pebbles. 
Discontinuous zones of large- and small-scale cross bedding. Minor 
Siderite, coaly debris, and calcite. (See Plate 2d) 


Sandstone, as above. No pebble layers or mud ciasts. Thin shate 
laminae. 


Sandstone, v. fine to fine, interlaminated with grey mudstone. 
Small-scale cross bedding. No florea recovered. 


Sandstone, med.-grained litharenite to extralitharenite. Homogeneous; 
@ few mud clasts and shale laminae. (See Pilate 3b) 


Conglomerate, poorly-sorted extralitharenite matrix. Pebbles mostly 
chert. Some coaly material. 


Sandstone, med. extralitharenite. Numerous pebbly tag zones. Some 
large-scale low-angle cross bedding. Sharp erosional basal contact. 


Shale, calcareous, green-grey. Abund. pyrite. 
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Harex Twin River 
11-5-1-18w4 

KB 4113; TO 5112 
3300-3323 feet 


3300-3303 Cut Bank Sandstone, med.-grained mature litharenite, small-scale trough cross 
bedding. Oi1 staining, minor carbonaceous debris. 


3303-3325 Sandstone, finme to mec. mature litharenite. Fairly massive. A few 
pebbies and plant fragments, increasing to base. A few shaly 
intervals Oil staining. 


3325-3329 Swift Ribbon sand, light colour. No glauconite, little siderite. Little 
bioturbation. Abund. plant debris and coal fragments. Poss. Upper 
Jurassic flora recovered (SAJP). 


Westcoast Twin River 
14-33-1-19W4 

KB 3881; TD 3718 
3440-3550 feet 


FOOTAGE FORMATION DESCRIPTION 
3440-3451 Giadstone Shale, calcareous, dark grey. 
(Calcareous) Some shell fragments and coal. 
3451-3457 Shale, grey-green. Minor floating sand grains. No flora recovered. 
3457-3467 Giadstone Sandstone, mature to submature sublitharenite, poorly-sorted. Gen. 


fining upward. Faint large-scale planar cross-beds. 


3467-3472 Sandstone, v. fine. Fines up to siltstone and mudstone. No flora 
recovered. 


3472-3485 Mudstone, mottled maroon and green. Minor plant debris. 


3485-3503.5 Mudstone, greenish, with abund. silt and fine sandstone, irreg. 
interbedded. 


3503.5-3506 Cut Bank Sandstone, fine mature litharenite. Some low-angle planar cross 
bedding. 

3506-3506 MISSING CORE 

3508-3512 Sandstone, as above. 

3512-3512.5 Mudstone, grey-green, hard. Some floating sand grains. No flora 


recovered. 
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3512:5-3526 5 


3526.5-3534.5 


3534.5-3541 


3541-3550 


TNR Omega Comrey 
10-27-2-5w4 

KB 3060; TD 3522 
3137-3187 feet 


3137-3158.5 


3158.5°-3162 


3162-3169.5 


3169.5°3177 


3177-3180 


3180-3182 


3182-3187 


3187-3197 


Gladstone 


Sandstone, mature to supermature fine - med. 
low-angie planar cross-beds. Minor pyrite. 


litharenite. Large-scale 


Sandstone, as above, with thin beds of chert pebbies. Lag 
conglomerate at base with coaly debris. Minor siderite, pyrite. 


Sandstone, as above, no pebbles. 


Conglomerate, small chert pebbles in med.-grained lithic sand matrix. 
Some large-scale ltow-angle cross bedding. Minor coaly debris, pyrite. 
(See Plate 4b) 


Sandstone, v. fine to med., mature litharenite. Homogeneous; poss. 
some fining upward. A few mud clasts near base. Some low-angie planar 
cross bedding. 


Sandstone, as above, with abundant mud clasts. 


Sandstone, poorly-sorted immature sublitharenite. Numerous thin shaie 
interbeds. Minor siderite. Lower Cretaceous nonmarine flora, no fauna 
recovered. 


Shaie, it. grey, with abund. 
debris. (See Piate 3d) 


fine sand. Root tubes common; some plant 


Shale, dark grey. Minor silt; abund. coaly material. 


Siltstone and shale, It. finely laminated. 


grey, 


Sandstone, poorily-sorted immature extralitnharenite. Abund. plant 
fragments, conc. in partings. Some low-angie planar crossbeds. 


Sandstone, siltstone and shale, irregularly imterbedded - appears 
disturbed (poss. soft sed. deformation). Minor plant debris. No flora 
recovered. 
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CMG Pendor 
10-34-2-7W4 

KB 3060; TD 3340 
3008-3028 feet 


3008-3010.5 Swift Ribbon sand, light colour. Sand fine to v. fine lithic quartzarenite, 


in lenses a few cm. thick. V. sideritic in top foot. Minor burrowing. 
Lower contact fairly sharp. 


3010.58-3021.5 Ribbon sand, dark colour. Well-devel. lenses; v. sandy 3013-3016. 
Moderate bioturbation - more in sandy zones. Abund. pyrite nodules, 
mo glauconite. Sharp basal contact. DRS flora (nonmarine) recovered. 


3021.5-3024 Mudstone, silty and sandy. Appears to be similar to ribbon sand, but 
reworked so that bedding destroyed. Poss. some low-angle large-scale 
planar crossbeds. DRS flora recovered. 


3024-3028 Ribbon sand, dark colour. Sand less than 10%, lenses v. thin and 
flat. Pyritic, less silt, mica and plant debris. No glauconite. DRS 
flora recovered. 


CMG Pan Am Pendor 
7-298-2-8W4 

KB 3002; TD 3104 
2760-2819 feet 


FOOTAGE FORMATION DESCRIPTION 

2760-2774 Gladstone Siltstone, 1t. grey, w. abund. med. to coarse chert grains. Bedded 
chert and chert conglomerate in top two feet; chert-filled fractures 
throughout. 

2774-2788 .5 Sandstone, med.-grained mature extralitharenite. Some large-scale 
planar cross bedding, a few mud clasts. O11 staining. Erosional basal 
contact. 

2788 .5-2798 Swift Ribbon sand, light colour. Sand greater than 70%, coarsening up. 


Flaser and wavy-bedded near top. Abund. siderite in irreguiar zones; 
Slight bioturbation. Gradationa? lower contact. 


27988-2819 Ribbon sand, dark colour. Sand approx. 40%; general coarsening-up 
trend. Lenses have excellent small-scale trough cress bedding; some 
contain light oil stain. Some pyrite nodules, minor siderite, no 
Glauconite. Bioturbation slight, moderate in @ few zones. A few 
zones, up to 4 cm thick, of v. thinly laminated shale and siltstone. 
DRS flora recovered. (See Plate 2b) 
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CMG Pan Am Pendor 
6-31-2-8w4 

KB 2850; TD 2888 
2565-2630 feet 


2565-2574 Beaver Mines Conglomerate, lithic pebblie-sized clasts, grey shale and silt matrix. 
Poor recovery. 


2574-2576 Giadstone Mudstone, yellow, soft. No flora recovered. 


2576-2582 Sandstone, fine litharenite, with a few chert pebbles. Very tightiy 
cemented by clays. 


2582-2612 Sandstone, fine to med. mature litharenite. Massive; some large-scale 
low-anglie planar crossbeds near base. Some intervals of siltstone 
pebbies and mud clasts near base. 011 Staining in basal four feet. 
Basal contact unclear (sharp?). 


2612-2613.5 Swift Shale, v. silty and sandy, It. grey. Poss. same as underlying unit, 
but bedding is destroyed. 


2613.5-2618 Ribbon sand, light colour. Sandier at base. One pyrite nodule noted. 
Scattered siderite modules, some conc. in detrital(?) lenses. Minor 
bioturbation. Slightly darker to base. 


2618-2626 Sandstone, fine to v. fine sublitharenite. Scattered flasers and 
Silty shale partings. Upper contact and bedding indistinct - poss. 
some low-angle crossbeds. Minor siderite. 


2626-2630 Ribbon sand, as above. Moderate burrowing, a few pyrite nodules, si. 
darker. 


Gas Exploration Pinhorn #2 
14-25-2-10W4 

KB 2891; TD 2805 

2565-2645 feet (wireline core) 


FOOTAGE FORMATION DESCRIPTION 
2565-2582.5 Swift Sandstone, fine - med., sublithic. Bedding not apparent. Minor 
siderite. 
2882.5-2614 Ribbon sand, light colour. High sand content, wavy bedding. Some sand 


lightly oil stained. Glauconitic(?) mear base. Grades down to darker 
ribbon sand. 


2614-2616 Ribbon sand, dark colour. Sand content decreases down; may grade into 
shale below. Siderite and glauconite present. 


2616-2630 Snaie, s1. silty, med. grey. Abund. plant material. 
2630-2635 MISSING CORE 
2635-2645 Rierdon Shale, grey-green, calcareous, hard. 
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New British Comrey 
6-15-3-6W4 
KB 2994; TD 3480 


3054-3113 feet (wireline core, 


3054-3061 


3061-3078 


3078-3088 


3088-3053 


3093-3097 


3097-3113 


CMG Pendor 
10-20-3-7W4 

KB 2830; TD 3180 
2875-2897 feet 


2875-2888 


2888-2897 


#1 


Gladstone 


Swift 


Gladstone 


Swift 


poor recovery) 


Mudstone, med. - dark grey, soft. No flora recovered. 


MISSING CORE 


Mudstone, grey, soft. 


Siltstone, with abund. shaite and fine sand. No distinct bedding, 
poss. root traces. 


Ribbon sand, dark colour. Wavy to s1. lenticular bedding. No 
giauconite. DRS flora recovered. 


Siltstone, quartzose. Indistinctly interbedded with fine sandstone 
and shale. Minor glauconite. 


Sandstone, fine - med. sublitharenite. Thin stacked fining upward 
sequences with little internal bedding. Some short intervals of mud 
ciasts. Chert pebble conglomerate in basal nalf foot. Erosional basal 
contact, (See Piate 3c) 


Ribbon sand, dark colour. Sand 40-50%. Minor siderite. Moderate 
bioturbation. DRS flora (nonmarine) recovered. 
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Murphy et al Pakowki 
10-28-3-7Ww4 
KB 2924; TD 3220 


2870-2930 feet 


2870-2872 Beaver Mines Mudstone, 


material. 


grey-green, 


2872-2875 Mudstone, grey, 
2875-2878 Mudstone, w. abund. si 
Poss. root traces. 


with abund. 


hard. Somewhat bentonitic. Minor plant 


coal. No fiora recovered. 


1t and sand. Micaceous, some plant debris. 


2878-2880.5 Mudstone, dark grey, silty. Some plant material. 

2880.5-2886.5 Gladstone Mudstone, grey anc green, slightly calcareous. Minor bentonite. No 
flora recovered. 

2886 .5-2890 Mudstone, yellow, slightly calcareous. Some plant remains. 

2890-2893.5 Shale, med. grey, sil. calcareous. Minor fossil fragments and plant 
debris. No fiora recovered. 

2893 .5-2900.5 Mudstone, med. grey, w. abund. sand. Fining upward from unit betow. 
Scattered shale pebbles; $1. calcareous, with a few fossil fragments. 


Poss. plant roots. 


2900.5-2813 Sandstone, 


poorly-sorted, 


v. fine to coarse extralitharenite. 


Planar-bedded. Some intervals of imterbedded shale and mud clasts. 
Erosional basal contact. 
2313-2914.5 Mudstone, it. green. Some floating sand grains, minor siderite. 
2914.8-2916.5 Mudstone, brown-yellow, silty, micaceous. No flora recovered. 
2916 .5-2917 Shale, it. grey. Grades into mudstone above. 
2817-2917 .5 Shale, dark grey, v. coaly. Grades into shale above. 
2917.5-2918.5 Swift Shale, dark grey. Silty lenses present, more common to base. 


Small-scale soft sed. 
ribbon sand below. 


2918.5-2924 Ribbon sand, 


glauconite. 


2924-23930 Ribbon sand, much 


sand-filled burrows. 
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ORS flora 


dark colour. 
intervals of flaser bedding. 
Little or no bioturbation. 


less sandy. 
No glauconite. 


faulting evident. 
(nonmar ine) 


Appears to grade up from 
recovered. 


Sand 50%+; 
Abund. 


in well-devel. lenses, w. some 


pyrite, some in large nodules; no 


Only minor bioturbation - mostly 
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Home CMG Pengor 
11-4-3-8W4 

KB 2998; TD 3060 
2775-2825 feet 


FOOTAGE FORMATION DESCRIPTION 
> 9 et oe sa for ALS Gladstone Mudstone, 1t. grey, bentonitic. Some floating sand grains. 
2776-2778.5 Sandstone, pooriy-sorted, v. immature sublitharenite. Bentonitic clay 


matrix. Minor pyrite. 


2778.5-2794 Sandstone, sorting fair to poor, (sub)litharenite. Some fining up; 
more lithic to base. Fairly mature and cieaner, with some oi 
staining near base. Massive, with some low-angle cross bedding. 
Erosional basal contact. 


2784-27399 Shate, silty, dark grey-green, waxy. Some floating sand grains and 
minor pliant debris. No flora recovered (APA and SAJP). 


2798-2805 Swift Ribbon sand, dark colour; $1. lighter at top. Sand 40-50%. Minor 
burrowing. No glauconite. 


2805-2825 Ribbon sand, dark colour. Sand coarser; becomes fine- to med.-grained 
mear base. Bioturbation moderate. Minor glauconite. 


McColl - Frontenac Union 9A-22 
9°22-3-8W4 

KB 2867; TO 3183 

2815-2925 feet (wireline core) 


FOOTAGE FORMATION DESCRIPTION 
2815-2825 Gladstone Sandstone, poorly-sorted, immature litharenite. Massive. 
2825-2835 MISSING CORE 
2835-2855 Sandstone, as above. Fairly massive; some interbedding of coarser and 


finer sand. Poor recovery; basal contact not present. 


2855-2865 Swift Ribbon sand, intermediate colour. Sand 85-90%, well-sorted v. fine 
gQuartzarenite. Fiaser-bedded; good small-scale trough cross bedding 
in sand. Minor siderite, poss. minor glauconite. 


2865-2875 MISSING CORE 


2875-2900 Ribbon sand, dark colour. Sand content decreases downward to approx. 
20%; occurs in thin lenses. Minor siderite and giauconite. 
Bioturbation variable. No flora or fauna recovered. 


29800-2320 Siltstone, argillaceous. Some finely laminated intervals. V. 
Qlauconitic near base; somewhat calcareous. Poss. highly-disturbed 
ribbon sand. 


2820-2920.5 Conglomerate; clasts of chert pebbles and belemnites, dark shale 
matrix. (See Plate 1a) 


2920.5-2925 Rierdon Shale, grey-green, calcareous, soft. 


257 


os 


‘ 
' 


otha oF j oe a jie 
arta hae iat : ia eee, ee 
-f Yar aaa “oie 


ean h . rr) a \ ealnny pa i 
iT pay «@ tem eeu 


iy eat ? Ee 
’ Lee sed hit eM ar Yee pen, 
of - ioe en 
ee ee Ba a ee We 


Yat a sich, aid 


oe opt pe bir bes wel, dais a aia 

vy Bwed COE Clr WER = ene tae i ; . 

a am '@ e ess oS re Bred gad oid fe 
o yaa Heal \ —s% 


== Wy ‘ 7 p - 

« ie ‘ et 7 ; i q 

Xe Secs Ae \ a 

7 »* 

a \ ; as ee 7 
; d as up _— BN 7 AY 
Ae ’ Meal * | e@and ee Maatee! doaw i. it a ; : a 

“cin pee Aaat errr. ae Ce an tery ae ry La bee - 7 io 
' y a a Ri ey i 
rahe wa ry 


Me 


« head nie) te >~ mmeied B win 2.4 
ence ee lar 


ahinteth +a neey) ° aed als ils pre or) | a 


-~ - yn! 4 i ie hae wren pe A owe aso 


{ 
a ‘ 
ue 
i 
t 
i 
i 
“. 
: 
i 
ree 
Pe 
r 
a i 
ay 7 4 ni 
ot t i 
ep bs i 
V3 ce 
i poor 
. " 
7 Da 
ia ry i 8 8) 


iy Vi 

; Ye i ed,’ 

. a) A 

, eb éphed i 7é hw al La hoy sh lee. hes 4 od 
ee, MUTASE SO AS ones 

‘t ie, IW, 4 yn seaeat Ke | as aga ade jak: ah os as ow miWanans 


sp Poe achat ig 


wpa vile ‘euheemedl Crear nne ee 


£7 ee 


» if ; fi Pi 
<py 4 i ae 
a VK 


wn Iori fe tap 


i de OB 


ates 5 sidinst 


Tieden evidiow | 


CMG Pan Am Pendor 
6-19-3-39W4 

KEP 30ta> Tp) 2035 
2772-2783 feet 


2772-2774 


2774-2775 


2775-2783 


Swift 


Mesa Target Milk River 


11-12-3°17W4 
KB 3496; TD 3170 
2865-3025 feet 


2965-2967.5 


2967.5-2983 


2983-3025 


Gladstone 


Cut Bank 


Sandstone, med.-grained extralitharenite. Some low-angie crossbeds. 
V. sideritic, oi1 staining. Sharp basal contact. 


Sandstone, much as above, but finer. Some layers of silty shale 
material - mud clasts or flasers? 


Ribbon sand, light colour. Sand 70%+, wavy- and fiaser-bedded. V. 
sideritic at top, less so to base. Darkens slightly to base. No 
bioturbation. Indeterminate flora recovered (SAJP). 


DESCRIPTION 


Mudstone, silty, mettled maroon and green. 


Mudstone and siltstone, arenaceous, green. Fining upward, w. some 
low-angle cross bedding. Minor plant debris. 


Sandstone, fine to med. mature litharenite. Low-angle cross bedding, 
esp. near base. Some mua clasts at 3010. Substantial oi11 staining in 
upper part. Minor siderite. 


258 


sine 


Bi shania nh peel 


ay 
seamed 

Teh Ay ghey ae seme ‘aa 
eam aa Reais 


oy pes. tte gene er ihe? 
cas weet |, ne 7 
Pa ea 


pet Sn" ‘Me venue 


ad vestry 


SANT egee 
B ysteryian t 


on a i 
oo wh 
as eral oy 
Pilsen 


Barnwell Milk River 
1-13-3-17W4 

KB 3456; TD 3130 
2959-2980 feet 


2959-2960 Cut Bank Sandstone, v. fine to fine, mature(?) litharenite. Abund. siderite. 
011 staining. 

2960-2980 Sandstone, med. to coarse supermature litharenite. Consistent 
large-scale low-angle planar cross bedding. 011 saturated. 

WRS Sage Creek 

7-8-4-4W4 

KB 3380; TD 4220 

3620-3738 feet 

FOOTAGE FORMATION DESCRIPTION 

3620-3648 Beaver Mines Sandstone, poorly-sorted immature extrafellitharenite. Var. calcite 
and clay cement. Mud clasts 3628-3631. Minor plant debris. 

3648-3653 Mudstone, arenaceous and silty, green to yellow. Root zome ~- poss. 
soil. No flora recovered. 


3653-3659.5 Sandstone, med. to fine, lithic. Minor shale partings, 
debris. Grades into shale below. 

3659.5-3664 Mudstone, silty, 1t. to med. gréy. Some plant debris; 
evident. Aptian-Albian nonmarine flora recovered. 


zone below. 


3664-3665.5 Coal and coaly shale. 


Grades 


some plant 


root traces 
into coaly 


3665.5-3667.5 Siltstone, shaly, with med. to coarse sandstone at base. Abund. plant 
debris. Erosional basal contact. 

3667.5-3677.5 Swift Ribbon sand, light colour. Sand 40-50%, in thin lenses. Bedding 
indistinct at top, becomes more clear downward. Some small-scale soft 
sediment faulting. Siderite abundant; heavy conc. at 3671.5-3672.5. 

3677.5-3686.5 Ribbon sand, light colour. Much sandier; wavy- and flaser-bedded. 


Minor bioturbation. lower contact - 


colour over 15 cm. 


Indistinct 
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3686 .5-3714 Ribbon sand, dark colour. Quite uniform - sand 30-40%, in thin 
lenses. Some pyrite nodules, minor siderite, no glauconite. Mod. 
bioturbation; a few churned zones. DRS flora (nonmarine) recovered. 


3714-3739 Shale, silty, med. to dark grey. Scattered polished chert granules. 
Minor glauconite, pyrite and plant debris. Upper part could be 
churned ribbon sand. Upper Jurassic marine palynomorphs recovered. 


CMG Home Manyberries 
6-22-4-4W4 

KB 3184; TD 3878 
3465-3498 feet 


FOOTAGE FORMATION DESCRIPTION 


3465-3498 Swift Ribbon sand, light at top, darkening gradually downward to dark 
colour by 3482. Sand 70%+; some lenses quite thick. Abund. siderite 
in top 6-8 feet. Abund. large pyrite nodules in dark section; no 
glauconite. Bioturbation variable, but not present near top. DRS 
flora recovered near base. 
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CMG Pakowki 
6-2-4-7W4 

KB 2828; TD 3243 
2870-29300 feet 


2870-2880.5 


2880.5-2881 


2881-2882.5 


2882.5-2895 


2895-2895.5 


2895 .5-2900 


CMG Pendor 
7-6-4-7W4 


KB 2818; TD 3115 


2750-2808 feet 


2750-2755 


2755-2789 


2789-2791 


2791-2808 


Gladstone 


Swift 


Gladstone 


Swift 


Sandstone, fine mature Sublitharenite. Fairly massive; some 
indistinct planar low-angle crossbeds. Erosional basal contact. 


Snhaie, dark grey, s1. silty. Abund. plant debris, micaceous. DRS 
flora recovered. 


Sandstone, fine well-sorted sublitharenite. Some shale partings; 
flaser- and wavy-bedded. A few pyrite nodules. 


Ribbon sand, dark colour. Sand content variable, averaging 50%; 
Sublitharenite, fine, well-sorted. Bioturbation moderate to intense. 
Glauconitic (poss. reworked). DRS (nonmarine) flora recovered. 


Sandstone, fine - med. sublitharenite. Abund. mud clasts; some form 
partings. Abund. giauconite. 


Sandstone, v. fine to fine sublitharenite. Completely composed of 
small-scale trough cross beds, A few shale partings. Patchy conc. 
glauconite. (See Plate 2c) 


Siltstone, arenaceous and argillaceous, it. grey to white. Minor 
Pyrite. 


Sandstone, med.-grained mature to supermature litharenite, becoming 
more lithic to base. Planar-bedded with some planar low-anglie cross 
bedding. A few scattered shale clasts. Basal contact unciear. 


Ribbon sand, light colour. Sand content low; in v. thin flat lenses. 
Grades down to dark colour. V. minor siderite. Indeterminate fiora 
recovered (SAJP). 


Ribbon sand, dark colour. Sand 20%, in thin flat lenses; a few lenses 
$1. coarser, sideritic. Abund. coaly fragments and pyrite (dissem. 
and nodular). DRS flora (APA), Upper Jurassic flora (SAJP), no fauna 


recovered. 
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CMG Pendor 
10-7-4-7W4 

KB 2851; TD 3000 
2804-2853 feet 


2804-2809 Gladstone 


2809-2816 


2816-2822 

2822-2832 Gladstone? 
2832-2837 

2837-2844 

2844-2847 Swift 


2847-2853 


CMG et al Pendor 
6-1-4-5Ww4 

KB 2979; TD 3119 
2853-2883 feet 


FOOTAGE FORMATION 
2853-2856 Gladstone 
2856-2877 Swift 
2877-2883 


Mudstone, grey. Poor recovery. 


Sandstone, poorly-sorted immature litharenite. Bentonitic clay 
matrix. Some plant debris; root traces. 


Mudstone, It. to med. grey. $1. calcareous, minor plant debris. No 
flora recovered. 


Mudstcne, yellow, sl. calcareous. No flora (APA), possible Upper 
Kimmeridgian flora (SAJP) recovered. 


Mudstone, brown-yellow. $1. calcareous, somewhat bentonitic. No flora 
(APA), indeterminate flora (SAJP) recovered. 


Mudstone, it. grey, silty. Minor bentonite. Poss. root traces, some 
plant debris. Basal contact mot present; resembles ribbon sand below. 
Indeterminate flora recovered (SAJP). 


Ribbon sand, light colour. Sand 20-30%, v. fine to fine, coarser to 
base. 


Ribbon sand, dark colour. Lithic quartzarenite more abund., coarser, 
and in thicker lenses to top. Minor bioturbation - some trails on 
parting surfaces near top. ORS flora recovered. 


DESCRIPTION 


Sandstone, med.-grained submature litharenite. Massive except for v. 
low-anglie planar crossbeds in basal foot. Erosional basal contact. 
(See Plate 5b) 


Ribbon sand, light colour. Sand approx. 20%, mostly in thin flat 
jenses. Graded bedding in sand layers in top two feet. Abund. 
siderite, esp. near top; some in detrital concentrations. Scattered 
pyrite nodules. Minor bioturbation. Gradual darkening below 2863. 


Ribbon sand, intermediate to dank colour. Sandier than above, esp. in 
2879-2881; coarser immature lithic quartzarenite. More heavily 
burrowed; churned in sandy interval. Minor glauconite and pyrite. 
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Empire State Smico 
11-6-4-10W4 

KB S130) 1D S064 
2845-2899 feet 


FOOTAGE FORMATION 
2845-2868 Gladstone 
2868-2876 


2876-2899 


California Standard Birdsholm 


14°33-+4-11W4 
RT 3046; TD 3131 
2830-2871 (wireline) 


2930-2S836.5 Giadstone 


2936 .5-2939 


2939-2940 


2840-2959 


2959-2960 


2960-2971 Rierdon 


Sandstone, fine to med. mature extralitharenite. Faint planar 
bedding. Fining upwards. Minor pliant debris. 


Sandstone, med. to coarse extralitharenite. Calcite and clay cement. 
Abund. siderite, conc. in bands; abund. coaly material, esp. at base. 


Sandstone, med. to fine mature extralitharenite. Very massive, 
homogeneous. Minor plant debris. 


Province #1 


Mudstone, It. 
grains. 


grey, somewhat bentonitic. Scattered floating sand 


Sandstone, med.-grained mature extralitharenite. Clay and calcite 
cement. 


Mudstonme, it. grey, a few floating sand grains. No flora recovered. 


Sandstone, fine to med. mature sublitharenite. Massive. Minor dissem. 
Pyrite, plant debris, siderite. Minor calcite and clay cement. 


Sandstone, med.-grained litharenite. Abund. plant debris; some 
calcite cement. Erosional basal contact. 


Shale, green-grey, hard, calcareous. 
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Shell Crow 
44-21-4-13W4 
KB 3056; TO 3061 


838-871.75 metres (2749-2860 feet) 


FOOTAGE FORMATION 
2749-2749.5 Beaver Mines 
2749 .5-2775 Gladstone 
2775-2777 


2777-2781 


2781-2800.5 


2800.5-2805.5 


2805 .5-2860 Rierdon 


Westcoast Crow Lake 
1-10-4-14W4 

KB 3068; TD 2873 
2720-2740 feet 


FOOTAGE FORMATION 
2720-2721 Swift 
2721-2740 


Sandstone, poortly-sorted extralitharenite. Tightly cemented. Minor 
carbonaceous debris. 


Mudstone, mottied maroon and green. Minor silt. 


Siltstone, laminated. Fractured; some disturbed laminae. Erosionai 
basal contact. 


Mudstone, 1t. grey, silty. Minor carbonaceous debris. Probable root 
zone. 


Mudstone, grey to grey-green. Irregular silty zones. 
Mudstone, mottied maroon and green. Limonitic bands and nodules. 


Shale, dark grey-green, calcareous. Numerous limestone beds up to 30 
cm. thick. 


Shale, silty, green-grey. Contains one S-cm. rounded body of 


glauconite with chert granules. Dissem. pyrite. Nondiagnositic 
microfauna recovered. 


Shale, as above, no glauconite. V. minor calcite. Oxfordian 
microfauna recovered. 
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Trans-Canada WGC 
15-15-4-15w4 

KB 3161; TD 3081 
2840-2894 feet 


#1 


2840-2842.5 Swift? 
2842.5-2844 

2844-2860 Swift 
2860-2862.5 

2862.5-2864 

2864-2870 Rierdon 


2870-2894 


Conrad Province 75-36-C 
12°-36-4-15Wwa4 

KB 3101; TO 3040 
2830-28798 (wireline) 


2830-2837.5 Gladstone 


2837,.5-2839 


2839-2839 .5 


2839 .5-2848 


Swift 


2848-2852 


2852-2866.5 


2866 .5-2868 
2868-2869 
Rierdon 


2869-2872 


2872-2878 


Sandstone, 
material. 


v. fine to fine. More poorly-sorted to base. Abund. plant 


Siltstone, 
Calcareous, 


laminated w. 
sideritic; 


shaly siltstone; 
some pliant debris. 


poss. ribbon sand. 


Shale, med. to dark grey, 
QGiauconitic to base. 


soft. Some bentonitic zones. 
Upper Jurassic (marine) 


Increasingly 
flora recovered. 


Shale, as above, containing 40% glauconite pellets. 


Siderite, in silt- to v. fine sand-sized pellets. 
Shale, grey-green, hard. 
Shale, as above. Calcareous, with very calc. zones. 
DESCRIPTION 
Mudstone, dark grey, soft. Dissem. pyrite. Aptian-Albian (nommarine) 
flora, Lower Cretaceous fauna recovered. 
Sandstone, fine, lithic, fairly mature. 
Shale, med. to dark grey, soft. No flora or fauna recovered. 


Ribbon sand(?), light colour. 
soft sediment deformation. Some massive v. 
immature sublitharenite,. Siderite conc. in thin zones. 
contact. 


Poorly-developed wavy bedding. Abund. 
fine to fine bodies of 
Unclear basal 


Ribbon sand, dark colour. Sand 50-60%; 
Sand fine to med.-grained, sublithic. 
Moderate bioturbation. Glauconitic, w. 
net distinct. 


flaser and lenticular bedding. 
Minor soft sed. faulting. 
minor siderite. Lower contact 


Shale, dark to med. grey. Some v. fine silty horizons. Upper Jurassic 
(marine) flora, mon-diagnostic fauna recovered. 

Shale, as above, with 30% glauconite pellets. 

Siderite, in silt-sized pellets. 

Shale, green-grey, firmly consolidated. 

Shate, as above. Calcareous, with limestone bands. 
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Amisk Del Norte Warner 


16-13-4-17w4 
KB 3325; TD 3230 
2978-3120 feet 


2978-2999.5 


2999.5-3004 


3004-3016 


3016-3060 


3060-3079 


3079-3085.5 


3085 .5-3091 


3091-3038 


3099-3101 


3101-3104 


3104-3107.5 


3107.5-3120 


Beaver Mines 


Gladstone 


Swift 


Rierdon 


Mudstone, silty, mottled maroon and green. Silty zones in upper half; 
Slightly calcareous in middie. 


Snale, dark grey, hard. Grades into siltstone below. Aptian-Albian 
(nonmarine) flora, non-diagnostic fauna recovered. 


Siltstone, med. grey, argillaceous. Some planar bedding and low-angie 
planar cross bedding. Abund. plant debris. 


MISSING CORE 


Siltstone, med. grey. Thin shale breaks. No flora or fauna recovered. 


Sandstone, v. fine to fine, lithic. Fining up; poss. root zone at 
top. 


Siitstone, It. grey. Some mud clasts. Minor carbonaceous material. 


Sandstone, fine litharenite. Low-anglie large-scale cross bedding. 0i1 
saturated, esp. in less-cemented zones. 


Siltstone, It. grey. 


Sandstone, pooriy-sorted congiomeratic immature litharenite. Shale 
pebbles approx. 20%. No bedding visible. Pyrite nodules conc. at 
erosional basal contact. Some oil staining. 


Shale, grey, firmly consolidated. No flora, poss. Upper Jurassic 
microfauna recovered. 


Shale, grey-green, v. calcareous. Upper Jurassic (marine) flora, 
Oxfordian-Callovian fauna recovered. 
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Home CMG Craigower 
10-3-5-4w4g 

KB 3493; TD 4205 
3822-3912 feet 


3822-3829 Swift 


3829-3840 


3840-3852 


3852-3870 


3870-3895 


3895-3908 


2908-3908 .5 


3906 .5-3912 Rierdon 


Home Craigower 
10-4-5-4W4 

KB 3385; TO 4169 
2656-3716 fe =: 


3656-3664 


Beaver Mines 


3664-3678 


3678-3684.5 


3684.5-3694 


3694-36397 


3687-3704 


3704-3716 Swift 


Ribbon sand, 
base. Abund. 
Vv. slight. 


Tight colour. Darkens gradually downward, 
siderite at top, 


sharply at 
decreases to none at base. Bioturbation 


Ribbon sand, 
bedding. V. 


dark colour. Thin sand 
little bioturbation. 


lenses, w. some fine cross 
ODORS flora recovered. 


Ribbon sand, dark, sandier. 
fine lithic quartzarenite. 
burrowing, 


Sand fraction quartzose siltstone to v. 
Some lenses up to 2 cm. thick. Variable 
but generally more than above interval. 


Ribbon sand, w. 
sandstone up to 
modules. Basal 


Ssublithic 
some large pyrite 


abund. irregular beds of fine - med. 
10-15 cm. thick. Some glauconite; 
boundary rather arbitrary. 


Ribbon sand; 
med.-grained. 


less sandy, more lenticultarly-bedded. 
Less pyrite, 


Sand silt-sized to 
some heavy glauconite concentrations. 


Ribbon sand; more sandy, like 3852-3870 
Some glauconitic horizons. 


interval. Mature litharenite. 


Shale, calcareous. Abund. 
DRS flora recovered. 


siderite and pyrite. Contacts not present. 


Shale, grey-green, v. calcareous. Some fossil fragments. 
DESCRIPTION 
Sandstone, silty to fine immature feldspathic extralitharenite. 


Low-angie planar cross bedding, 
Some coaly shale partings. 


more regularly laminated to base. 


Siltstone, argillaceous, w. irreg. sandy lenses and layers. Some 
low-angle cross bedding; cut-and-fill structures. Some iron oxide 
bands. Lower Cretaceous flora recovered. 


t 
Shale, chert and coal 
intervals with sand matrix. 
contact. 


clasts, v. coarse 
No bedding 


Congiomerate, mud matrix. 
sand to pebbie size. Some 
observed. Gradational basal 


Sandstone, 
abund. coaly lenses and dissem. 
base. 


poorly-sorted mature feldspathic extralitharenite. V. 
Gebris. Some coarser sand lenses near 


Quartzarenite, gen. fine, Supermature. Massive. Oi1 Staining. 


Sandstone, lithic, v. shally. Root traces, some pliant material. 


light colour. Sand 50-60%. 
lenticular bedding. 


Bedding unclear at top; 
Minor bioturbation. 


Ribbon sand, 
grades down to good 
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Pacific Manyberries 
14-32-5-4wa 

KB 3759; TD 4405 
4119-4164 feet 


4119-4125.5 Giadstone 


4125 .5-4128 


4128-4131 


4131-4142.5 Swift 


4142.5-4143 


4143-4147 


4147-4148 


4148-4164 Rierdon 


CMG 11°23 
11°23-5-14w4a 

KB 2977; TD 3150 
2805-2838 feet 


2805-2807 Beaver Mines 


2807-2808.5 


2808.5-2810.5 


2810.5-2813 


2813-2815 


2815-2818.5 


2818.5-2822 


2822-2828 


2828-2831 


2831-2835.5 


Sandstone, 
pebbies. 


poorly-sorted 
Cleaner, 


Scattered shale 
foot. 


litharenite. 
stained in basal 


immature 
lightly oit 


Sandstone, med. - 
Shale partings; 


coarse mature 
minor coal 


litharenite. Fining upward. Some 


fragments and siderite. 


Congiomerate. Sandstone matrix as above, w. abund. muc clasts. 


Shale, grey-green. Iron oxide staining at top. 
marine) flora (APA), indeterminate flora 
recovered. 


Upper Jurassic (prob. 
(SAJP), non-diagnostic fauna 


Siderite, silt-sized pellets, w. minor quartzose silt. 


Shale, as above. V. 
fragments. 


Slightly calcareous. 
Upper Jurassic (marine) flora, 


Minor pyrite and fossil 
Oxfordian fauna recovered. 


Siderite, as above. 


Shale, 
Fossil 


grey-green, calcareous, hard. 


ages as in shale above. 


Scattered megafossil fragments. 


Mudstone, grey-green, soft. 


Siiltstone, Ve 


bentonitic. 


argillaceous, grey. Well consolidated, slightly 


Mudstone, dark grey-green. No flora or fauna recovered. 
Sandstone, fine, lithic; fines upward. Minor plant debris and pyrite. 
Siltstone, grey, hard. Some disturbed bedding. Minor coal fragments. 


Sandstone, 
Planar cross bedding; 
debris and pyrite. 


silty to fine fellitharenite. Planar bedding and low-angie 
shale partings. Abund. siderite, some plant 


Shale, 
Aptian-Albian 


Gark grey. Fairly abund. 
(nonmarine) flora, 


coaly debris. Lower Cretaceous, prob. 
Lower Cretaceous fauna recovered. 


some 
pyrite 


Sandstone, v. fine to fine, lithic. 
laminations and shale partings near base. 
present. 


No bedding at top; 
Plant debris, 


Siltstone, v. shaly, grey, hard. Minor plant debris. 


Sandstone, as above. Massive, except for some shale partings. 
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2835 .5-2838 Gladstone Mudstone, silty, med. grey. No flora, Lower Cretaceous fauna 
recovered. 


Conrad Province 
11°21°-5-15wWwa 

KB 3102; TOD 3166 
2910-2990 feet 


FOOTAGE FORMATION DESCRIPTION 
2910-2918 Gladstone Mudstone, maroon anc green, silty. No flora or fauna recovered. 
2818-2921.5 Sandstone, v. silty. Very tightly consolidated. 
2921.5-2932 MISSING CORE 
2832-23358 Sandstone, v. fine to fine, with interbedded siltstone. Some shale 


partings, soft sediment deformation. Minor siderite, plant debris. 


2839-2943.5 Shale, med. to dark grey, fissile. Lighter, more silty to top. Lower 
Cretaceous (nonmarine) flora, no fauna recovered. 


2843.5-2951 Sandstone, med. to coarse mature litharenite. Fairly massive. 
28351-2952 Mudstone, dark grey, soft. 
2952-2970.5 Sandstone, fine to v. fine litharenite. Bedding indistinct - massive 


mear top, planar laminae to base. Siderite throughout, but conc. in 
zones. Some plant material. 


2970.5-2986 Swift Shale, med. - dark grey, Silty, micaceous. Iron-rich concretions. 
Some plant debris, scattered glauconite. Lower bound not distinct. 
Upper Jurassic (marine)flora, nondiagnostic fauna recovered. 


2886-2990 Rierdon Shale, green-grey, hard, calcareous. Minor pyrite. 
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Pamoil Liberty Tyrel} 
15-30-5-16Ww4 

KE. 3423; TH 3250 
3077-3100 feet 


3077-3091 Gladstone 


3091-3100 


Pamoil Liberty Tyrell 
2-36-5-17Ww4 

KB 3134; TD 3205 
3111-3156 feet 


3111°3115.5 Giadstone 
3115.5°3118.5 


3118.5-3131.5 Cut Bank 


3131.5-3132.5 


3132.5-°3146 


3146-3148 


3148-3151 


3151°-3152.5 Cut Bank? 


3152.5-3156 


(sub) litharenite. 
stain. Sharp basal 


Sandstone, fine-grained 
pebbies. Variable oi1 


Mudstone, 
debris. 


si. silty, mottled maroon and green, 
No flora recovered. 


Siltstone, green, hard. 


Siltstone, quartzose. Hard, 


Massive. 
contact. 


Scattered shale 


hard. Minor pliant 


tightly consolidated. 


Sandstone, med.-grained mature litharenite. Planar-bedded. 0i1 
saturated, except for irreg. finer tight zones. 

Congiomerate. Mud clasts in sandstone matrix, as above. No oi1 stain. 
Sandstone, as above. Becomes dirtier, less mature, and contains less 
oil near base. 


Mud clasts 
no 011 stain. 


Conglomerate. 
Vv. well cemented; 


Sandstone, 
staining. 


med.-grained litharenite. 
Sharp basal contact. 


Shaie, green, hard. Minor pyrite. 


Shale, med. to dark grey, hard. No flora or 
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Scattered mud ciasts. 


in matrix of poorly-sorted extralitharenite. 


Some oi1 


No flora or fauna recovered. 


fauna recovered. 
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CMG Etzikom 
6-31-6-8W4 

KB 2848; TD 3233 
3067-3090 feet 


3067-3073 Gladstone 


3079-3078 .5 Rierdon? 


3079.5-3080 


3080-3090 Rierdon 


Calstan Legend Province 
7-31-6-12W4 

KB 2884; TO 2912 
2835-2913 feet 


2835-2843.5 Gladstone 


2843.5-28582. 


2852.5-2883. 


2893.5-2897 Swift 
2897-2907 
2807-2913 Swift 


Sandstone, med. to coarse mature 
massively-bedded. OCi1 staining. 


(sub)litharenite. 
Sharp basal 


Fining up; 
contact. 


Shale, green-grey, calcareous, soft. No flora, nondiagnostic fauna 
recovered. 
Bentonite, pure, massive, steel biue colour. 


Shale, green-grey, calcareous. Marine macrofossils. 


fine submature litharenite. 
Vv. homogeneous. 


Sandstone, fine to v. 
low-angle cross bedding. 


Large-scale 


Sandstone, med.-grained calcareous sublitharenite. Fines upward. 


Sandstone, med.-grained, v. well-sorted mature to supermature 
extralitharenite. Poor recovery in some intervals. Fairly massive. 
Variable siderite; more siderite and pyrite, coarser to base. Sharp 
basal contact, although some chert grains appear to have penetrated 
into sediment below(7) 


Sandstone, 
micaceous. 


v. fine to silty mature quartzarenite. Sideritic, Somewhat 
Grades down to ribbon sand; flaser bedding in lower part. 


Ribbon sand, light colour. Sandiest at top, sand decreasing downward. 
Abund. siderite at top; glauconitic(?) below 2902. Bioturbation 
Slight to moderate. Fairly sharp lower contact. 


Ribbon sand, dark colour. 
w. silty intervals at base. 
flora (SAJP) recovered. 


Lenticular bedding at top; 
No flora (APA), 


becomes a shale 
Bajocian-Bathonian(?) 
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Amoco A-1 Legend 
10-5-6-13W4 

KB 3055; TD S625 
2931-2991 feet 


2931-2940 Gladstone 


2940-2942.5 


2942.5-2946 


2946-2946.5 


2946 .5-2965 


2965-2980 Swift 


2980-2987 


29387-2991 


Conrad Province #2 
1-5-6-15Ww4 

KB 2960; TO 3090 
2823-2868 feet 


FOOTAGE 


2823-2828 Gladstone? 


2828-2834.5 


2834 .5°-2837 


2837-2851 


2851-2854.5 


Swift 


2854.5-2858 


2858-2868 Rierdon 


Mudstone, green, 
fauna recovered. 


hard. Silty, becoming sandy to base. No flora or 


Sandstone, fine- to med.-grained submature litharenite. 
Sandstone, @&s above, with scattered mud ciasts. 
Siltstone, argillaceous and arenaceous. 


No flora recovered. 


Sandstone, fine to med. mature litharenite. 
clasts. Erosional basal contact. 


Planar-bedded. A few mud 


Sandstone, v. fine to fine submature Sublitharenite. Fiaser bedding, 
flasers increasing to base; some coarser sand tenses. Abund. 
siderite. 


Ribbon sand, 
bioturbation. 


Tight colour. tenses of fine sandstone and silt. Slight 
Fairly sharp basal contact. No flora recovered. 


Ribhon sand, dark colour. Sand lienses as above. Moderate 
bioturbation. Minor pyrite, poss. minor glauconite. DRS flora, no 
fauna recovered. 


Mudstone, med. grey. Some plant debris. Aptian-Albian (nonmar ine) 
flora recovered. 


Siltstone, med. grey, hard. Some plant debris, minor calcite. 


Shale, grey, soft. Thin argillaceous coal seam at top. Aptian-Albian 
(nonmarine) flora recovered. 


Sandstone, poorly-sorted litharenite. Abund. silt. Mostly massive - 
some low-angle planar cross bedding and poss. lienticuiar bedding. 
Abund. siderite; minor plant debris and pyrite. 


Sandstone - siltstone, med. grey. Fairly massive. Some piant debris. 
Aptian-Albian (nonmarine) flora recovered. 


Shale, dark grey, soft, poor recovery. Upper Jurassic (marine) 
poss. Lower Cretaceous microfauna recovered. 


flora, 


Shale, grey-green, calcareous, soft. Upper Jurassic (marine) flora, 
Callovian to Basal Oxfordian fauna recovered. 
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Dominion Mid-Continent #2 
14-24-6-15W4 

KB 3068; TD 3235 
2985-3076 feet (wireline) 


FOOTAGE FORMATION DESCRIPTION 
2985-2990 Beaver Mines Mudstone, med. grey, soft. 
2890-3028 Mudstone and siltstone, mottied maroon, grey and green. Minor plant 


debris, waxy surfaces. No flora recovered. 


3028-3035 Sandstone, v. fine to fine, irreg. interbedded w. grey shale. 
Aptian-Albian (nonmarine) flora recovered. 


3035-3039 Sandstone, cieaner, $1. coarser, lithic. Some pliant debris, minor 
Pyrite. 
3039-3045 Mudstone, dark grey, calcareous. Soft, poor recovery. Nondiagnostic 


flora recovered. 


3045-3065 Sandstone, fine-grained submature extrafellitharenite. Massive, w. 
some shale partings. Some plant material; minor pyrite at base. 


3065-3076 Rierdon Shale, grey-green, caicareous, soft. 


CMG Cypress 
6-23-7-3w4 

KB 4207; TD 5040 
4650-4700 feet 


4650-4658 Swift Ribbon sand, light colour. Sand content approx 80%; wavy and flaser 
bedding. Little bioturbation. Basal contact not present. 


4658-4686 Ribbon sand, dark colour. Sand content 40-50%; good lenticular 
bedding. A few large pyrite nodules. Bioturbation moderate; a few 
churned zones. Basal contact gradational. DRS flora recovered. (See 
Pilate id) 

4686-4690 Sandstone, fine to med. immature litharenite. Scattered mud flasers. 


Slightly glauconitic. Sharp basal contact. 


4690-4700 Dark ribbon sand; sand lenses somewhat thinner. Minor glauconite. DRS 
flora recovered. 
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McCo11 - Frontenac Union 


10-22-7-9W4 


KB 2786; TD 3295 


3029-3130 feet 


3029-30368 


3038-3043 


3043-3053.5 


3053.5-3055 


3055-3059 


3059-3065 


3065-3072 


3072-3073.5 


3073.5°3113.5 


3113.5-3130 


GNOL Can Delhi 


1-30°7-14W4 


KB 2926; TD 3155 


3096-3128 feet 


3096-31058.5 


3105.5-3106 


3106-3107.5 


3107.5-3109 


3109-3112 


3112-3113.5 


3113.5-3119 


3119-3121 


3121-3125.5 


3125.6-31293 


(wireline) 


Gladstone? 


Gladstone 


Rierdon 


Sawtooth 


(Snhaunavon) 


Chinco 


Cut Bank 


Rierdon 


10B-22 


Siltstone, v. argillaceous, red, hara. 


Mudstone, med. grey. No fiora recovered. 


Siltstone, w. abund. sand and mud. Generally fining upward; massive. 
A thin siltstone conglomerate at base. 


Siltstone to v. fine sandstone, quartzose. 


Mudstone, med. grey. Abund. fioating sand grains, inc. downward. No 
flora recovered. 


Sandstone, v. fine to fine, v. silty and shally. Generally fining 
upward. 


Sandstone, v. fine to fine, much cleaner. Massive. 


Sandstone, fine to med. calcareous extralitharenite. Thin basal 
conglomerate. Erosional basal contact. 


Shale, grey-green, v. calcareous, hard. Some pyrite; minor 
macrofossit fragments. Upper Jurassic marine flora recovered. 


Sandstone, fine to med. calcareous quartzarenite. 


Sandstone, poorily-sorted immature litharenite. Fining upward; some 
cut-and-fiill structures. Oi1 staining. 


Conglomerate; argillaceous siltstone clasts in extralitharenite 
matrix. Erosional basal contact. 


Sandstone, as above. 


Conglomerate; siltstone clasts, extralitharenite matrix. Minor 
Pyrite. 


Sandstone, as above. Some coaly partings; more oil saturation. 


Congiomerate; v. abund. siltstone clasts. 


Sandstone, fine to med. mature litharenite. Large-scale low-angie 
planar cross bedding; cherty laminae. Coaly partings. O11 saturated. 


Conglomerate; siltstone clasts, lithic sandstone matrix. Minor 
pyrite. 


Sandstone, fine to med. litharenite. Coaly microlenses. Var. calcite 
cement; var. oi1 staining. Erosional basal contact. 


Shale, dark green-grey, hard. Minor pyrite. 
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CPOG Taber South 
8-19-7-16W4 

KB 3053; TD 3422 
3237-3305 feet 


3237-3243.5 Gladstone Siltstone, arenaceous, it. grey. Some convoluted bedding. No flora 
recovered. 


3243 .5-3245 Sandstone, poorly-sorted calcareous sublitharenite. Some pyrite. 

324S-3246.5 Siltstone, mottied green and brown, hard. Abund. siderite nodules. 

3246 .5-3253 Mudstone, green-grey, brown organic staining. Abund. siderite 
nodules. 

3253-3267 .5 Siltstone, sandy. Bedding complex - several closely-spaced breaks. 


Abund. pyrite. 


3257 .5-3271 Cut Bank Sandstone, fine to med. immature (sub)litharenite. Large-scale 
low-angle cross bedding. Some pyrite. Oi} saturated. 


s2rl-3275.5 Congiomerate; mud clasts in litharenite matrix. Var. of1 staining. 


2275 .5-3278.5 Sandstone, immature litharenite. Low-angie planar cross bedding. 
Minor pyrite. 011 saturated. 


3278.5-3280 Conglomerate; mud clasts in poorly-sorted litharenite matrix. 


3280-3286 Sandstone, fine to med. Submature sublitharenite. Large-scale 
low-angle planar cross bedding. Minor pyrite. 


3286-3288.5 Conglomerate; mud cliasts in coarss litharenite. Minor pyrite. O11 
staining in porous lenses. 


3288.5-3291 Sandstone, fine to med. caicareous litharenite. Low-angle cross 
bedding. Some pyrite. 0Oi1 saturated. 


3291-3292 Sandstone, v. fine, small-scale trough cross bedding. Abund. pyrite. 
3292-3283.5 Shale, green, grey and yellow. Abund. pyrite. No flora recovered. 
3293.5-3295 Conglomerate, mud clasts in med. - coarse litharenite matrix. 
3285-3296 Sandstone, fine-grained calcareous litharenite. Some pyrite. 


Erosional basal contact. 


32986-3305 Rierdon Shale, dark grey-green. Minor pyrite. 
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CMG Cypress 
6-1-8-4WwW4 
KB 3732; 

8052-4101 


TD 4460 
feet 


4052-4056 


4056-4061 


4061-4063.5 


4063.5-4065.5 


2065.5-40693 


4069-4085.5 


4085.5-40S3.5 


4093.5-40397 


4097-4098.5 


4098.5-40993 


4099-4101 


Giadstone 


Swift 


Mudstone, 
recovered. 


grey-green. Minor plant debris. Lower Cretaceous flora 


Mudstone, med. 
inc. to base. 


to dark grey, w. 
Root traces. Lower 


abund. coal. Floating sand grains, 
Cretaceous flora recovered. 


Mudstone, arenaceous, it. 
root traces. Grades 


to med. grey. Abund. 
into sandstone below. 


coal fragments; some 


Sandstone, 
matrix. 


poorly-sorted immature sublitharenite. 


Poor recovery. 


Bentonitic clay 


MISSING CORE 


Sandstone, fine to med. submature sublitharenite. 
low-angie planar cross bedding. Some cut-and-fill 
part. Some coarser lenses and beds. 


Large-scale 
structure in upper 


Sandstone, as above, 
extralitnarenite. 


grading down to coarser, more mature 


Sandstone, med.-grained mature litharenite. Some mud clasts. 


Sandstone, med. 


contact. 


to coarse litnarenite. Massive. Erosional basal 


Ribbon sand, 
bioturbated. 


light colour. Sand fraction 80-90%. Slightly 


Ribbon sand, dark colour. Sand 30-40%. 


flora recovered. 


Moderate bioturbation. ORS 
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McColl - Frontenac British Dominion 
14-34-8-7W4 
KB 3030; TD 4763 


3318-34093 (wireline - poor recevery) 


fine to fine feidspathic 


med.-grained calcareous feldspathic extralitharenite. 


litharenite. Some low-anglie 


3318-3342 Beaver Mines Sandstone, 
3342-3343 Sandstone, v. 

planar cross bedding. 
3343-3393 Sandstone, med. 


Minor pyrite. 


3393-3409 


Shale, 


1t.-med. 


recovered. 


Sun O11 Chince 
7-28-8-14W4 

KB 2852; TD 3296 
3128-3158 feet 


3128-3130.5 Beaver Mines 


Sandstone, 
lenticular; 
bedding 


Vv. 


in lenses. 


flora recovered. 


3130.5-3140.5 


3140.5-3142 


Sandstone, 
Massive; 


siltstone, 


poss. 


grey, 


fine to fine, 
similar appearance to ribbon sand. 


fine to med. 
some fining upwards. 


sandy and shaly, 


to coarse calcareous feldspathic extralitharenite. 


soft. Some plant material. Nondiagnostic flora 


w. abund. silt and mud. Somewhat 


Small-scale cross 
Aptian-Albian 


Minor siderite, plant material. 


calcareous s1. 


feldspathic litharenite. 


with some mud clasts. Some plant debris; 


minor pyrite and calcite. 


3142-3149.5 Sandstone, fine to med. calcareous si. feldspathic litharenite. Some 
shale partings. Minor plant debris, pyrite. 

3149.5-3156 Sandstone, calcareous, grading down to argillaceous arkosic 
siltstone. Some shaly partings, small-scale trough cross bedding; 
becomes sim. to ribbon sand at base. Abund. plant debris; pyrite 
conc. in one band. 

3156-3158 Gladstone? Sandstone, silty to v. fine, 

(Calcareous) interbedded with shale in a dark ribbon sand type lithology. 
Lenticular, slightly bioturbated; abund. plant debris. Poss. Lower 


Cretaceous Ostracod zone flora, 


no fauna recovered. 
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CPOG South Taber 
10-6-8-15W4 

KB 2862; TD 3307 
3067-3243 feet 


3067-3082 Beaver Mines 


3082-3089.5 


30895.5-3150 


3150-3154.5 


3154.5-3166 


3166-3176 


3176-3181 


3181-3189.5 Gladstone 


(Calcareous) 


3189.5-3204 


3204-3210.5 Cut Bank 
3210.5-3225 

3225-3227 

3227-3243 Rierdon 


Mudstone, maroon and green, silty. Firmly consolidated. 


Siltstone, v. poorly-sorted; fining upward. 

Sandstone, v. fine to med. dolomitic and calcareous 
extrafellitharenite. Minor plant material and pyrite. V. massive, 
homogeneous. 

Sandstone, coarser, more mature litharenite. Shale partings; 


low-angle planar cross bedding. 
saturated. 


Minor plant debris and pyrite. 0j1 


Aptian-Albian flora recovered. 


Sandstone, v. similar to 3090-3150 interval. Fining upwards. 


Sandstone, mature litharenite, 
Somewhat feldspathic. 


v. sim. to 3150-3154.5 interval. 


Sandstone, v. pooriy-sorted, 
Irreguiariy-bedded. 


feldspathic, calcareous. 
Some calcite-filled fractures. 


Siltstone, 
v. hard. 
basal 


v. calcareous, tan, 
Interbedded w. It. grey shale. 
contact. No flora recovered. 


Minor pyrite. Gradational 


Siltstone, argillaceous. Bedding irreguiar. 


Sandstone, v. 
argillaceous zones. 


poorly-sorted immature litharenite. 
Minor plant debris and pyrite. 


Pebbly and 
Var. oi1 staining. 


Siltstone, argillaceous, hard. 


flora recovered. 


Some plant material. Irreg. bedded. No 


in calcareous sublitharenite matrix. Minor 


Erosional basal contact. 


Conglomerate; mud clasts 
Pyrite, plant material. 


Shale, grey-green, v. calcareous, hard. 
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CPOG Horsefly Lake 
12-20-8-16W4 

KB 2881; TD 3290 
3165-3225 feet 


3165-3170.5 Cut Bank 


3170.5-3171.5 


3171.5-°3173 


3173-3188.5 


3188 .5-3199 


3199-3225 Rierdon 


CPOG South Taber 
10-4-9-15Ww4 

KB 2812; TD 3305 
3120-3213 feet 


3120-3121.5 Beaver Mines 


3121.5-3131 


3131-3137 
3137-3138 Gliadstone 

; (Calcareous) 
31398-3146 


3146-3158.5 


3158.5-3165 


3165-3175 


Sandstone, v. fine to fine immature sublitharenite. Large-scale 
planar cross bedding. Argillaceous intervals. Minor pyrite. 0i1 
staining in clean intervals. 


Mudstone, grey-green, silty. Abund. pyrite. No flora recovered. 


Sandstone, fine immature litharenite. Some mud clasts. Minor pyrite. 


Sandstone, fine to med. submature to mature litharenite. Num. zones 
of mud clasts and pebbies. Abund. cut-and-fill. Oi1 staining. 


Sandstone, as above, but v. calcareous. Fining upwards. Minor pyrite. 
O11 saturated. (See Pilate 5a) 


Shale, dark grey-green, calcareous. Minor pyrite. 


Sandstone, v. fine to fine calcareous feldspathic extralitharenite. 
Minor carbonaceous material. 


Siltstone, lenticularly interbedded with mudstone. Some shale 
partings. One zone of mud ciasts. Minor pyrite and plant debris. 


Sandstone, as above. 


Siltstone, argillaceous and 
somewhat arenaceous. Bedding convoluted. Minor plant debris and 
Pyrite. plant debris and pyrite. 


Siltstone, interbedded with mudstone; lenticular. Some shale 
partings. Low-angle cross bedding. Some coaly material, siderite. 
Lower Cretaceous nonmarine fiora recovered. 


Siltstone - mudstone, as above; more argillaceous, pyritic. No coaly 
material. Aptian-Albian (nonmarine) flora recovered. 


Limestone, s1. argillaceous, tan hard. Minor pyrite, fossil 
fragments. 


Siltstone, med. - dark grey, interbedded w. snale. A limestone 
horizon near top. 
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3175-3180.5 Cut Bank 


3180.5-3226 


3226-3228 


3228-3243 Sawtooth? 


3243-3244 


3244-3253 


3253-3261 


3261-3273 Rundle 


Cnevron Taber 
4-19-9-16W4 

KB 2753; TO 3276 
3170-3216 feet 


3170-3173.5 Gladstone 


3173.5-3180 


3180-3181 Cut Bank 
3181-3204.5 

3204.5-3205.5 

3205 .5-3206 

3206-3216 Rierdon 


Sandstone, v. 
O11 staining. 


fine to fine litharenite. Shale partings. Fines upward. 


Sandstone, med.-grained mature litharenite. Minor silt fraction. 


Heterogeneous - num. cut- 


planar cross bedding. 0Oi1 


Sandstone, mot as clean. 


and-fill structures. 
staining. 


Low-angile large-scale 


Some chert pebbies. 


Sandstone, mature, more quartzose. Friable, poor recovery. Oi1 


saturated. 


Conglomerate, sandstone matrix. 


Sandstone, 
staining. Congiomerate w. 


fine poorly-consolidated litharenite. Shale partings. 011 


calcareous cement at base. 


Sandstone, 


fine to med. calcareous litharenite. 


Plianar-bedded; some 


shaie partings. 


Minor pyrite. 


Erosional basal contact. No flora 


recovered. 


Limestone, coarsely crystalline. Stylolitic. 


Sandstone, med. - coarse mature litharenite. Some mud clasts and 
pebbles; calcareous at base. Oil staining. 


interbedded w. shale. Laminated ana lenticular 
in coarser lenses. Erosional basal 


Siltstone, grey-green, 
bedding. Minor pyrite, conc. 
contact. 


Conglomerate, silt and shale ciasts, 
cross bedding. Oi1 staining. 


litharenite matrix. Low4angle 


Sandstone, v. fine to coarse litharenite. Var. maturity and grain 
size. Good pianar low-angle crossbeds. Calcareous at base. 0i1 
staining. 


Siltstone, 1t. Diwue-grey, hard. Minor pyrite, conc. at erosional 
upper and lower contacts. 


Sandstone, as above, some shaie pebbles. Erosional basal contact. 


Shale, green grading down to grey. Minor pyrite, calcite. Jurassic 
marine palynomorphs recovered. 
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Bow Valley Tempest 
10-30-9-19W4 

KB 2820; TD 3751 
3585-3636 feet 


FOOTAGE FORMATION 
3555-3561 Beaver Mines 
3561-3577 .5 Gladstone 


(Calcareous) 


3577.5-3579 


3579-3585.5 


3585.S-3595 


3595-3603 5 Gladstone 


3603.5-3606 


3606-3608 


3608-3610 


3610-3630.5 


3630.5-3636 Cut Bank 


Sandstone, silty to fine dolomitic extrafellitharenite. Shaly 
partings in lower part. Minor plant debris. 


Shale, dark grey, silty, hard. 
Lenses of siltier material; S1. burrowed. Minor siderite. Lower 
Cretaceous flora recovered. 


Shale, calcareous, dark. 


Limestone, sl. argillaceous, yellowish. A few fossil fragments. No 
flora recovered. 


Shale, dark grey, calcareous. 


Siltstone, w. some mudstone. Poss. root zone near base. 


Sandstone, poorly-sorted submature litharenite. Grades down into 
Sie 


Siltstone, argillaceous. Gradational contacts. 


Sandstone, silty calcareous litharenite. 


Siltstone, argillaceous, green-grey grading down to med. grey. Minor 
Pyrite. Aptian-Albian flora recovered. 


Sandstone, med.-grained, v. mature litharenite. Some shaie partings 
and pebbly zenes. Fining upwards. Minor coaly material. 
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Whitehall Barons Taber North 
4-27-10-16W4 

KB 2620; TD 3331 

3209-3254 feet 


FOOTAGE FORMATION DESCRIPTION 
3209-3227 Gladstone Shale, silty, med. te dark 
(Calcareous) grey. Minor pyrite, carbonaceous debris. Grades to sandstone below. 


No flora recovered. 


3227-3232.5 Cut Bank Sandstone, med.-grained calcareous litharenite. Minor pyrite, 
carbonaceous material. 


sad2a.5-3237 Sandstone, as above, only minor calcite. Some low-angie cross 
bedding. A few mud clasts near base. 


3237-3239 Congiomerate, mud clasts in med.-coarse litharenite matrix. 
3239-3241 Siltstone, interbedded w. shale. Thinly-bedded. 
3241-3248 Sandstone, fine to v. fine calcareous lithic quartzarenite. Low-angle 


Planar cross-sets; some silty horizons. Minor pyrite. 


3248-3254 Rierdon? Shale, grey-green grading down to med. grey. No flora recovered. 


British American Turin 
10°7-10-18W4 

KB 2785; TD 3620 
3418-3466 feet 


FOOTAGE FORMATION DESCRIPTION 
3418-3421.5 Gladstone Limestone, tan, interbedded w. 
(Caicareous) v. calcareous shale. Somewhat brecciated. 
3421.5-3435 Shale, med.-dark grey, silty. Variably calcareous. Poor recovery. 


Minor pyrite and carbonaceous debris. No flora recovered. 


3435-3450 MISSING CORE 


3450-3455 Gladstone Siltstone, 1t. grey, hard. Abund. dissem. pyrite. Coarsens downward 
into sandstone below. 


3455-3457.5 Cut Bank Sandstone, fine to med. v. calcareous litharenite. Low-angle planar 
cross bedding; shale partings. 


3457.5-3466 Sandstone, med. to fine mature sublitharenite. Low-angle planar cross 
bedding, minor shale partings. Oi1 staining. 
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Mich-Wis B.A. Turin 
10-32-10-19W4 

KB 2818; TD 3845 
3634-3654 feet 


3634-3636 Cut Bank 
3636-3641 

3641-3647.5 

3647.5-3648.5 

3648.5-3651 

3651-3654 Rierdon 


Gridoil Grand Ferks 
8-31-11-12W4 

KB 2475; TD 3053 
2945-2875 feet 


FOOTAGE FORMATION 
2945-29498 Gladstone 
2949-2951 
2951-2983 Sawtooth? 
2953-2955 


2955-2958.5 


2958.5-2975 Sawtooth 


Sandstone, v. fine, interbedded w. silt. Minor pyrite. 


Sandstone, v. fine to fine, interbedded w. shaly siltstone. 
Cut-and-fill structures abundant. 


Sandstone, v. fine to med. mature litharenite. Low-anglie planar cross 
bedding; fining upwards. Erosional basal contact. 


Conglomerate; chert and siltstone pebbles in med. litharenite matrix. 


Sandstone, poorly-sorted dotlomitic extralitharenite. Scattered chert 
and siltstone pebbles. 


Shale, grey. Poor recovery. Jurassic (marine) flora recovered. 


DESCRIPTION 


Sandstone, fine, calcareous quartzarenite. Some shale partings. Minor 
Pyrite. 


Shale, grey and green, s1. Silty. Somewhat bentonitic. 


Limestone, argillaceous, brown. No flora recovered. 


Sandstone, fine to med.-grained, calcareous. Thin (5 cm.) limestone 
band at base. Erosional contacts. 


Sandstone, v. fine to fine, interbedded w. siltstone. Some stylolitic 
limestone lenses. Minor pyrite. 


Sandstone, silty to fine mature quartzarenite. Massive, homogeneous. 
Oi)? saturated. 
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Ashland Grand Forks 
14-29-11-13W4 

KB 2465; TD 3051 
2905-3016 feet 


2905-2980 Gladstone 


dirty 
15 feet. 


2980-2985 


2985-2988 Rierdon? Shale, 


2988-2998 Sawtooth 


Sandstone, 
large-scale planar 
laminae. 


Siltstone, 


grey-green, 


Sandstone, 


low-angie crossbeds. 
Minor pyrite, 


Oil staining. 


sandy, w. abund. mud clasts. 


Sie Swoheyin 


silty to med. 


silty to med.-grained mature quartzarenite. 
Minor shale partings; 
carbonaceous debris. 


Some siderite. 


mature quartzarenite. 


Well-dev. 
some 


Caicareous in basal 


Some pyrite. 


No flora recovered. 


Shaly partings near 


top; otherwise homogeneous. Oi1 staining. 

2998-3001 Shale, grey-green, silty, hard. Abund. small siderite noduies. No 
flora recovered. 

3001-3016 Sandstone, v. sim. to above sst. interval. Massive, poorly 
consoliated (poor recovery). 

Ashland Taber North 

7-15-11-16W4 

KB 2584; TD 3295 

3196-3246 feet 

FOOTAGE FORMATION DESCRIPTION 
3196-3211 Gladstone Siltstone, med. - dark grey, 
(Calcareous) hard. Abund. coaly debris, some siderite. Pyritic bands. Lower 

Cretaceous (nonmarine) flora recovered. 

3211-3213 Siltstone, grey, hard. Grades into limy zone below. Oi1 staining. 

3213-3218 Siltstone, It. grey, v. calcareous. 

3218-3218.5 Siltstone, interbedded it. grey calcareous and darker non-caic. Minor 
plant debris. 

3219.5°3221 Gladstone Sandstone, v. fine to fine, calcareous. Coarser lithic grains. Oi1 


saturated. 


3221-3246 


Siltstone, w. 
Minor plant debris, 


irreg. 


Pyrite, calcite. O77 
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interbedded bodies of fine silty quartzarenite. 
staining. 
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Gascome Retlaw 
10-30-11-18W4 

KE) 28C7.. TD (3\7:2,7. 
3610-3680 feet 


3610-3617.5 Gladstone 


(Calcareous) 


3617.5-3629 


3629-3631 


3631-3633.5 


3633.5°-3635.5 


3635 .5-3654 


3654-3659.5 Cut Bank 
3658 .5-3671.5 Rierdon 
3671.5-3680 Rundie 
Western Turin 
11°10-11-18W4 
KB 2783; TD 3630 
3556-3596 feet 

FOOTAGE FORMATION 
3556-3563 Cut Bank 
3563-3564.5 
3564.5-3596 Rierdon 


Shale, 
calcareous. 


Shale, 
Pyrite, 


Sia 


Sandstone, 


s 


Vv. 


somewhat silty, 
Minor pyrite, 


Dt yamlte 


Plant material. 


finme to 


Plant debris. 


Siltstone, 
Pyrite. 


Sandstone, 


Shale, 
nodules; 
debris. 


Sandstone, 


Shale, 


Limestone, 
recovered. 


Sandstone, 


Conglomerate, 


matrix. 


Shale, 
Jurassic(?) 


dark grey, 


poorly-sorted 


dark grey, 
sheli 
Aptian-Aibian 


f 


crystalline, 


Vv. 


grey-green, 
marine flora, 


bed at 


ine-med. 


dark grey-green, 
macrofossils, 


esp. 
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somewhat calcareous. 


mature 
low-anglie planar cross bedding. 


fine to med. 


shale and chert pebbies 
Minor pyrite, 


calcareous. 


Vv. 
plant fragments. 


grey. Some calcite-fi 
No flora recovered. 


FINE) Hwee, 


hard, calcareous. 


immature lithareni 


3637. Dissem. 
(nonmar ine} 


litharenite. 
Var. 


hard, 


belemnites. 


with chert nodules. 


carbonaceous debris. 


Harder, 
Upper Jurassic(?) 


calcareous. 


Some macrofossils, 
and nodular pyrite, 
flora recovered. 


somewhat calcareous. 


mature sublitharenite. 


more calc. 


No flora recovered. 


lled fractures. Minor 


Some pyrite, minor 


Minor plant debris and 


te. 


caic. 
some plant 


Some thin coaly shale beads; 
calcite. 


Oil staining. 


Some excellent 


011 staining. No flora 


Fining upwards. 


in poorly-sorted litharenite 


Erosional basal contact. 


to base. 
fauna recovered. 
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Westcoast Grand Forks 
&8-5-12-12W4 

KB 2453; TD 3105 
2820-2950 feet 


FOOTAGE FORMATION 
29320-2938 Beaver Mines 
2938-2950 


B.A. United Prod. Grand Forks 
7-30-12-13W4 

KB 25398; TD 3200 

3045-3091 feet 


3045-3045.5 Sawtooth 


3045.5-3055.5 


3055.5-3058 


3058-3065.5 


3065.5-3066.5 


3066.5-3091 Rundie 


Sandstone, v. fine to fine immature feldspathic extralitharenite. 
Homogeneous, fairly massive. Minor carbonaceous material. 


Sandstone, v. fine to fine, v. calcareous extrafellitharenite. Shale 
partings, some laminations in lower part. 


Limestone, hard crystalline. Some floating sand grains. Minor pyrite, 
carbonaceous debris. 


Sandstone, fine Submature quartzarenite. Minor feldspar. Contorted 
sand-shate interbeds in central part. O11 Saturated. 


‘ 
Siltstone, lenticularly-bedded with shale, grey-green. Minor pyrite, 
mica. 


Sandstone, v. fine to fine, fining upward to silt at top. Thinly 
bedded. A few scattered pebbies. 011 staining. 


Shale, grey-green, hard. V. finely dissem. pyrite. No flora 
recovered. 


Limestone, crystalline, hard. Some contorted shale interbeds; 
stylolitic to base. 
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Sun Retiaw 
12-21-12-18W4 

KB 2728; TD 3680 
3550-3626 feet 


FOOTAGE FORMATION DESCRIPTION 
38550-3557.5 Gladstone Sandstone, poortly-sorted 
(Calcareous) mature sublitharenite. 
3587.5-3560.5 Sandstone, as above, calcareous. Thinty-bedded; some low-angle planar 
cross bedding. Fining upward, more lithic to base. Oi1 staining in 
top part. 
3560.5-3570 Siltstone, argillaceous, v. calcareous. Minor pyrite, plant debris. 


Aptian-Albian (nmonmarine) flora recovered. 
3570-3575 Limestone, somewhat argillaceous. Abund. large shell fragments. 


3575-3588 Shale, med.-dark grey, hard. $1. silty. Minor carbonaceous debris, 
siderite. No flora recovered. 


3588-3590 Gladstone Sandstone, fine, lithic, friable. Gradational contacts. Oji1 
saturated. 


3590-3593 Siltstone, poorly-sorted. Root zone, minor carbonaceous debris. 
3593-3597.5 Mudstone, dark grey, silty. Some plant debris, pyrite. 
3597.5-3620 Siltstone and mudstone, intricately interbedded. A few beds of 


oil-stained sandstone. Convoluted bedding in lower part. Some plant 
debris; minor pyrite. 


3620-3626 Cut Bank Sandstone, med.-coarse, supermature sublitharenite. Coal partings and 
microlenses. Oil staining. 
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Cairn CNW Czar Retiaw 
3-20-12-19W4 

KB 2795; TD 3835 
3715-3761 feet 


S7TUS=37,18 . 5 Gladstone 


(Calcareous) 
3718.5-3719.5 Gladstone 


3719.5-3722.5 


3722.5-3724 


3724-3725.5 


3725.5-3726 


3726-3733 


3733-3738 


3738-3740.5 


3740.5-3749 Cut Bank 
3749-3751.5 
3751.5-3754 
3754-3760.5 
3760.5-3761 Rierdon 


Siltstone, argillaceous, hard. 


Limy concretions in tower part. Minor pyrite and carbonaceous debris. 


Conglomerate; chert and siltstone pebbies, carbonaceous debris. 


Sandstone, poorly-sorted immature extralitharenite. O11 staining. 
Siltstone, poorly-sorted, med. grey. Minor pyrite, carbonaceous 
agebris. 

Sandstone, as above. Somewhat less lithic. 


Siltstone; some floating sand grains. 


Sandstone, 
sorting 


poor ly-sorted 
improves to hase. 


immature sublitharenite. 
Planar -bedded. 


Fines upward; 
Fairly abund. pyrite. 


Mudstone, grey-green. Ahund. dissem. pyrite. 


Mudstone, yellow, hard. Some siderite nodules. 


Sandstone, v. 
bedding. 


fine to fine mature 
Pebbiy zone at base. Minor pyrite. 


litharenite. 
Oi 


Low-angle planar cross 
staining in top half. 


Sandstone, as above. More heterogeneous; cut-and-fill structures. 


Conglomerate; in med.-coarse lithic 


matrix. 


chert and siltstone pebbies 


Sandstone, med. - coarse mature litharenite. Abund. 
zones; pebbies lie on scour surfaces. Well-devel. 
Caicareous to base. Erosional basal contact. 


conglomeratic 
planar crossbeds. 


Shale, med.-dark grey, hard. Minor pyrite. Jurassic flora recovered. 
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Texaco Enchant C-1 
3-34-13-17W4 

KB 2638; TD 4866 
3310-3370 feet 


3310-3316.5 


3316 .5-3322.5 


3322.5-3324 


3324-3330 


3330-3331.5 


3331.5-3340 


3340-3350 


3350-3352 


3352-3357 


3357-3362 


3362-3363 


3363-3365 


3365-3370 


Gladstone 


Rierdon 


Sandstone, poorly-sorted silty quartzarenite. Massive. Abund. 
carbonaceous debris. 


Mudstone, silty, w. coarser silt bodies; grading down to dark shale. 
Aptian-Albian (nonmarine) flora recovered. 


Sandstone, pooriy-sorted immature sublitharenite. 


MISSING CORE 


Mudstone, dark grey. Coarser silt lenses at top; hematitic bands and 
coaly debris near base. Aptian-Albian (nonmarine) flora recovered. 


Sandstone, v. fine to med.-grained, lithic. Contorted shale partings. 
Minor carbonaceous debris, pyrite. 


MISSING CORE 


Siltstone, interbedded w. shale. Coarser silt lenses, smali-scale 
trough cross bedding. 


Mudstone, w. scattered silt lenses. Some siderite, carbonaceous 
material. Aptian-Albian (nonmarine) flora recovered. 


MISSING CORE 


Mudstone, as above. 


Sandstone, v. fine to fine, w. silty lenses, convoluted bedding. Some 
pyrite, carbonaceous debris. 


Shale, grey-green. V. calcareous, w. argillaceous limestone bands. 
Upper Jurassic (marine) flora recovered. 
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Richfield Oj1 Corp. 


12-10-15-10wW4 
KB 2471; TO 3134 
3060-3114 feet 


3060-3082 


3082-3086 


3086-3101 


3101-3114 


Gladstone 


East Alder 


Mudstone, light grey. Soft, crumbly, abund. swelling clay. Some large 
Pyrite bodies. 


Siltstone to fine sandstone, coarsens to base. Contorted small-scale 
trough cross bedding and shale laminations. Small-scale soft-sediment 
faulting. Abund. pyrite. 


Sandstone, fine - med. variably calcareous litharenite. Grades down 
from siltstone above. Fairly massive. Oi1 staining. 


Mudstone, green, with very abund. Rundle carbonate clasts. Chert 
pebbles, fossil debris (esp. crinoids) most common. Could be assigned 
to Deville Member. 
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This appendix 
boreholes examined 


in Alberta and the equivalent American system 


lists depths 


in this thesis. 


could not be determined; 


present. 


The following abbreviations are used: 


KB: Kelly Bushing 


the letter 


(in feet) 


APPENDIX B 


Formation Tops 


at which formation tops are encountered 


in the 535 


Locations are given using the Dominion Land Survey (DLS) 


‘E’ and the 


KFS: Base of Fish Scales Zone 


GLAD: 


CUTB: 


SRS: Ribbon sand member, 


Gladstone Formation 


Cut Bank Formation 


SS: Shale member, 


Swift Formation 


JR: Rierdon Formation 


JSTH: 


NENE 
NWNE 
SENE 
NWNE 
SENW 
sSwsw 
NWSE 
NWSE 
NESE 
SESE 
NWNW 
NENW 
Swsw 
SWNE 
SESW 
SESE 
NENE 
NWNW 
NWNE 


NESE 


Pre-Upper 


LOCATION 


23 


35 


15 


25 


23 


25 


34 


14 


16 


30 


16 


33 


35 


32 


3ON 


30ON 


3ON 


3ON 


3ON 


30ON 


30ON 


3ON 


3ON 


3ON 


3ON 


3ON 


31N 


31N 


SE 


8E 


7E 


3E 


1E 


1W 


3w 


aw 


5Ww 


bw 


Tw 


8w 


12E 


SE 


5 31N TE 


33 31N GE 


14 31N 2E 


6 31N 


21 


31N 


1Ww 


2w 


19 31N 3W 


Jurassic strata 


KB 


2963 
2834 
3038 
e000 
3292 
3555 
3736 
3729 
3742 
3756 
4032 
4138 
2836 
3131 
3220 
3022 
3207 
3424 
3356 


3453 


KFS 


1750 


1606 


1542 


882 


574 


730 


1086 


1336 


1707 


22383 


2940 


3553 


2130 


1827 


e000 


892 


620 


atid 


787 


857 


Swift Formation 


GLAD 


2750 


2600 


2578 


1916 


1685 


1920 


2248 


2373 


2792 


3299 


4120 


4747 


3119 


29793 


2743 


1941 


1676 


1540 


1685 


2a 


letters 
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in Montana. 


CUTB 


2860E 
2716E 
2682E 
2012E 
17SSE 
1883E 
2308E 
2469E 
2904 

3447 

4245 

4903 

3220E 
3O47E 
28S6E 
2026E 
1734E 
1640E 
1780E 


2169E 


belt ai ais 


system 


Zeroes signify that the formation top 


SRS 


2860 
2716 
2682 
2012 
1759 
1893 
2308 
2469 
2931E 
3487E 
4280E 
4933E 
3220 
3047 
2856 
2026 
1734 
1640 
1780 


2168 


(Sawtooth/Shaunavon/Mississippian) 


ss 


2945 
2797 
2783 
2093 
1828 
2046 
2372 
2547E 
2S31E 
3487E 
4280 
49333 
3258 
3120 
2890 
2086 
1812 
1724E 
1858E 


2257E 


JR 


3005 


2847 


2766 


21098 


1854 


2062 


2383 


2547 


2331 


3487 


4328 


4986 


3343 


3169 


2983 


2115 


1826 


1724 


1858 


2287 


indicate that the formation 


JSTH 


3142 
2880 
2921 
2225 
1857 
2167 
2503 
2673 
3064 
3625 
4422 
5088 
3516 
3311 
3098 
2236 
1936 
1854 
1885 


2381 


is not 


a6 ie 


‘weld 


a Vai =e i to eM ‘yon 


hens ‘i 


NWNE 
NESW 
SENE 
SWSE 
SESW 
NWSW 
NENE 
NWSW 
SESE 
NENE 
Swsw 
NENE 
NWSW 
SWNE 
SESE 
NENE 
SESW 
NESW 
SESE 
SESW 
NWNW 


SENE 


SENE 
NESE 
NESE 
SWNW 
SWNW 
swsw 
NESW 
SENW 
NWSE 
NWNW 
SWNW 
swsw 
SWSE 
SESW 
NWSE 
SESE 
NWNW 
SWNW 


NWSE 


LOCATIO 


16 31N 


N 


4w 


$8 31N SW 


8 31N 6W 


10 31N 


13 31N 


14 31N 


13° 31N 


Bw 


BW 


6wW 


7wW 


6 31N 8W 


18 32N 


17 32N 


12 32N 


23 32N 


11E 


SE 


6E 


6E 


4 32N SE 


14 32N 
11 32N 
23 32N 
19 32N 
16 32N 
29 32N 
11 32N 
16 32N 


25 32N 


15 32N 
21 32N 
30 32N 
14 32N 
19 32N 
33 32N 
26 32N 
21 33N 
6 33N 

16 33N 


31 33N 


4E 


3e& 


25 


Ww 


2w 


2w 


3w 


3w 


4w 


Sw 


Sw 


Sw 


bw 


6w 


bw 


Bw 


12E 


118 


7E 


5 33N 6E 


14 33N 
13° 33N 
13 33N 
12 33N 
15 33N 
14 33N 


16 33N 


SE 


4E 


SE 


3E 


2€ 


tE 


2w 


SENW 5 33N 4W 


SWSE 


13 33N 


aw 


SWNW 17 33N SW 


NWNE 35 33N SW 


KB 


3248 


3655 


3789 


3797 


3730 


3779 


4021 


3885 


2878 


3232 


3239 


3231 


3305 


3363 


3298 


3124 


3468 


3308 


3444 


343937 


3547 


3718 


3839 


3638 


3650 


3847 


4056 


3542 


3804 


2860 


28399 


3123 


3475 


3391 


3302 


3419 


3434 


3549 


3243 


3377 


3581 


3514 


3361 


3846 


3874 


KFS 


0000 


1730 


2237 


2128 


1857 


2072 


2705 


3772 


2176 


2239 


1733 


1702 


1341 


1247 


937 


482 


Tit 


690 


8sSo 


781 


$38 


1325 


1726 


0000 


0000 


2071 


2614 


1990 


3180 


2376 


2190 


2322 


2015 


1660 


1440 


0000 


1155 


1205 


858 


417 


450 


1057 


739 


1809 


1728 


GLAD 


2043 
2690 
3290 
3144 
2972 
30390 
3738 
4928 
3183 
3236 
2739 
2701 
2385 
2282 
1880 
1534 
1528 
1362 
1640 
1726 
1870 


2204 


2672 
2578 
2776 
3108 
3686 
3077 
4336 
3366 
3156 
3342 
3028 
2721 
24392 
2145 
2203 
2268 
1516 
1421 
1416 
1960 
1597 
2737 


2650 
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CUTB 


2168 
2812 
3430 
e000 
3075 
3255 
3900 
S080 
3280E 
3335E 
2854E 
2794E 
2436E 
2345E 
2045E 
1640E 
1645E 
1489E 
1760E 
1818E 
1990E 


2334E 


2812 
2712 
2884 
3262 
3835 
31998 
4470 
3422E 
3234E 
3422E 
3OS1E 
2756E 
2504E 
2162E 
2Z230E 
2350E 
1S585E 
1476E 
1488E 
2050 
1692E 
2956 


2777 


SRS 


2180E 


2E40E 


S471E 


3328E 


_3128E 


3280E 
3S21E 
S100E 
3280 
3335 
2854 
27394 
2436 
2345 
2045 
1640 
1645 
14883 
1760 
1818 
1990 


2334 


2B44E 
2744E 
2932E 
3301E 
3S8T4E 
3221E 
4501E 
3422 
3234 
3422 
30391 
2756 
2506 
2162 
2230 
2350E 
1585 
1476 
1488 
2OS0E 
1692 
2966E 


2B30E 


ss 


2180E 
2840E 
34°71 
3328E 
3128E 
3280E 
3921 
5100 
3360 
3400 
2896 
2860 
2515 
2432 
2100 
1660 
1725E 
1S69E 
1860E 
1896 
2O076E 


2423E 


2844E 
27484 
2832 
3301 
3874 
3221 
6501 
3478 
3283 
3547 
3168 
2830 
2566 
2262 
2319 
2350 
1662 
1552E 
158SE 
2ZOSOE 
1782E 
2966E 


2830E 


JR 


2180 
2840 
3512 
3328 
3128 
3280 
3946 
5144 
3397 
3449 
2959 
2926 
2558 
2445 
2109 
1670 
1725 
1569 
1860 
13908 
2076 


2423 


2844 
2770 
0000 
3308 
3888 
3246 
4527 
3564 
3367 
3615 
3224 
2870 
2621 
2299 
2357 
23981 
1686 
1552 
1585 
2090 
1782 
2966 


2830 


JSTH 


2308 
2968 
0000 
0000 
3257 
3382 
4050 
5260 
3565 
3605 
3O76 
3041 
2659 
2566 
2233 
1791 
18598 
©0000 
1981 
29030 
2198 


2544 


2370 
0000 
oo00 
3398 
3982 
0000 
4635 
3741 
3538 
3788 
3352 
2981 
2727 
2396 
2453 
2500 
1798 
1700 
1704 
2203 
1903 
09000 
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SENW 
SWNW 
SENW 
NWSE 
NWSE 
NENE 
SWwsw 
SENW 
SWSE 
SESE 
NWSE 
NESW 
NENE 
SESE 
SESE 
NWNW 
Swsw 
NENE 
NENW 
SWSE 
SESE 


NENE 


NWNW 
NESE 
NWNW 
SENW 
swsw 
SESE 
swsw 
NWNW 
NWSE 
swsw 
NWSE 
swsw 
NESE 
SESW 
NESW 
NESE 
swsw 
SENW 
NENE 
SWSE 
NENE 
NENW 


SENW 


LOCATION 


32 33N 6W 


35 33N 6W 


2 33N 3W 


7 34N 11E 


20 34N 11E 


21 34N 10E 


26 34N SE 


S 34N 8E 


8 34N 7E 


20 34N 6E 


& 34N SE 


9 34N 4E 


12 34N 3E 


12 34N 3E 


6 34N 2E 


15 34N 1E 


21 34N 1€E 


30 34N iW 


15 34N 2W 


33 34N 3W 


14 34N 4W 


6 34N 5W 


13 34N SW 


23 34N 6W 


35 34N 6W 


2 34N 7W 


28 34N 8W 


26 34N SW 


18 35N 11E 


2 35N 10E 


7 35N SE 


21 35N SE 


13 35N 6E 


12 35N SE 


13 35N 4E 


17 35N 3E 


5S 35N 2E 


20 35N 1E 


2 35N 1W 


31 35N 2W 


36 35N 2W 


27 35N 3W 


32 35N 4W 


28 35N SW 


31 35N SW 


KB 


3722 
3763 
4071 
2963 
2330 
29353 
3037 
3204 
3394 
3420 
3607 
3655 
3655 
3609 
3404 
3337 
3477 
3563 
34368 
2327 
3427 


3881 


3990 
3769 
3751 

3828 
3994 
3962 
2858 
2909 
3033 
3015 
3422 
3390 
3950 
3745 
3620 
3624 
3677 
3354 
3512 
3364 
3612 
33981 


3844 


KFS 


2095 


2035 


4015 


2365 


2334 


277 


2069 


1980 


1934 


1694 


1599 


1303 


1345 


1220 


660 


330 


456 


0000 


232 


489 


5390 


1491 


1420 


1754 


1870 


2218 


3398 


3824 


2196 


2261 


2022 


2014 


1928 


1840 


1530 


1300 


1082 


Leu 


814 


252 


420 


360 


$25 


1511 


2080 


GLAD 


3134 


3056 


5147 


3392E 


3321 


3148 


3050 


2352 


29493 


2736 


2840 


2360 


2376 


2326 


1664 


1356 


1436 


1062 


1210 


1295 


1522 


2533 


2461 


2722 


2812 


3264 


4482 


4914 


3203 


3233 


3031 


3003 


2361 


2858 


2542 


2351 


2027 


1761 


1788 


1208 


1338 


1312 


1906 


2555 


3030 


293 


CUTB 


32392 

3221 

$303 

3392E 
3356E 
3235E 
3130E 
2985E 
2S3S5S5E 
2773E 
2Z730E 
2438E 
2478E 
Z2431£ 
1730E 
1422E 
1506E 
1118E 
1266E 
1410E 
1643E 


2658 


2598 
2848 
2918 
3367 
4680 
5094 
3221E 
3272E 
3O6I1E 
3O55E 
2870E 
2892E 
2573E 
2428E 
2140E 
1877E 
1800E 
1282E 
1368E 
1382E 
2ZO10E 
2672 


3184 


SRS 


3334E 
3242E 
S343E 
3382 
3356 
3235 
3130 
2985 
2355 
2773 
2730E 
2438E 
2478E 
2431E 
1730 
1422 
1506 
1118 
1266 
1410 
1643 


2704E 


2618E 
Z896E 
2982E 
3442E 
47T10E 
S14S5E 
3221 
3272 
3061 
3055 
2370 
2892 
2573 
2428E 
2140 
1877E 
1800 
1282 
1368 
1392 
2010 
2718E 


3211E 


ss 


3334E 
3242 
$343 
3453 
3412 
3290 
3184 
3114E 
3045 
2824 
2730 
2438 
2478 
2431 
1818 
1509 
1600E 
1204E 
1347E 
1498E 
1730 


2704E 


2618E 
28966 
2982E 
3442 
4710 
5145 
3270 
3310 
3198E 
3132 
3044 
2943 
2617 
24268 
2203 
1877 
1908E 
1370E 
1426 
1475E 
2078 
2718E 


3211 


JR 


3334 
3252 
5376 
3535 
3496 
3364 
3250 
3114 
3079 
2860 
2754 
2478 
2499 
2452 
1840 
1532 
1600 
1204 
1347 
1498 
1746 


2704 


2618 
2896 
2982 
3450 
4728 
5204 
3348 
3398 
3198 
3180 
3078 
2972 
2651 
2455 
2230 
1901 
1908 
1370 
1448 
1475 
2078 
2718 


3216 


JSTH 


3432 


ooo0o 


5506 
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3525 
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SWNE 36 35N 7W 
SWNE 12 36N 12E 
SWSW 1 36N 10E 
SENW 36 36N SE 
NE 10 36N 8E 
SESE 7 36N 6E 
SESE 13 36N SE 
SWNE 25 36N 5E 
NESW 6 36N 4E 
SENW 8 36N 4E 
NESW 20 36N 4E 
SWNW 33 36N GE 
NWNW 7 36N 3E 
SWNE 11 36N 2E 
NENW 3 36N 1€ 
SESE 8 36N 1E 
SWSW 6 3EN 1W 
SWSW 14 36N 2W 
NE 35 36N 2W 
SENE 17 36N 3W 
NESW 293 36N 4W 


NESW 2 36N 5W 


SWSE 7 36N 5W 
NWSW 11 36N SW 
SWSE 4 36N 6W 
NWSW 3 36N 7W 
SESW 10 36N 8W 
SWSE 32 37N 12E 
NENE 18 37N 11E 
NESW 20 37N 10E 
SENW 30 37N 10E 
NWSE 14 37N SE 
NWNE 26 37N 8E 
NWNW 10 37N 7E 
SWSW 23 37N GE 
NENE 30 37N 6E 
NENE 8&8 37N SE 
SENE 8&8 37N SE 
NWSW 8 37N 5E 
SWSE § 37N SE 
SWNW 10 37N 5E 
NWSE 30 37N SE 
NENE 8 37N 4E 
NWNW 4 37N 3E 


SENE 15 37N SE 


KB 


3874 
2751 
2880 
3008 
3104 
3795 
4153 
4031 
3376 
4071 
4282 
4262 
4165 
4089 
4238 
3752 
3507 
3378 
3504 
3568 
4138 


3938 


3366 
3990 
4065 
4156 
4286 
2791 
2912 
2908 
2835 
2960 
3119 
33390 
3341 
3370 
3623 
3724 
3729 
3699 
3533 
4190 
3645 
3667 


3656 


KFS 


2182 


2463 


2270 


2190 


2036 


0000 


1200 


1256 


1493 


1370 


1360 


350 


1723 


1607 


$78 


804 


947 


682 


504 


$00 


1563 


1507 


1800 


1503 


2064 


2402 


3214 


2373 


2374 


2228 


2214 


2204 


2145 


2277 


0000 


1857 


1941 


1883 


1830 


1856 


0000 


1732 


1572 


fear 


1750 


GLAD 


3170 
3422E 
3272 
s172 
3041 
2308 
2126 
2267 
2505 
2354 
2335 
1887 
2824 
2789 
1906 
1777 
1901 
1652 
1568 
1905 
2564 


2506 


2798 
2485 
3114 
3498 
4271 
3296 
3323 
3186 
3286 
3173 
3126 
3241 
2964 
2817 
2924E 
2830 
2795 
2824E 
2945E 
2690 
25863 
2807 


2802 


294 


CUTB 


3312 

3422E 
3285E 
3228E 
30O83E 
2378E 
2180E 
2276E 
2552E 
2397E 
2407E 
1936E 
2S06E 
2848E 
1949E 
1810E 
1S22E 
1683E 
1626E 
1962E 
2672 


2631 


2926 

2624 

3226 

3608 

4408 

3312E 
3334E 
3235E 
3301E 
3212E 
3Z174E 
3320E 
SO36E 
2875E 
2924E 
2847E 
2808E 
2824E 
2945E 
2720E 
2610E 
2915E 


2848E 


SRS 


3350E 
3422 
3285 
3228 
3083 
2378 
2180 
2276 
2552 
2397 
2407E 
1936 
2S306E 
2848E 
1943 
1810 
1922 
1683 
1626 
1962 
2718E 


2680E 


2989E 
2678E 
3268E 
3656E 
S475E 
3312 
3334E 
3235 
3301 
3212 
3174 
3320 
O36 
2875 
2924 
2847 
2808 
2824 
2945 
2720 
2610 
2915E 


28468 


29389E 
2678E 
3268E 
3656 
4475 
3370 
3374 
3311 
3364E 
3284 
3256 
33390 
3133E 
2950 
SO43E 
2960E 
2913E 
2921 
0000 
2772 
2667 
2915E 


09000 
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3357 
3561 
3399 
3337 
3215 
2450 
2270 
2373 
2590 
2437 
2428 
1976 
2921 
2874 
2027 
1904 
2042 
iitune 
1713 
2038 
2718 


2680 


2989 
2678 
3268 
3662 
4498 
3470 
3468 
3357 
3364 
3309 
3230 
3408 
3133 
2965 
3043 
2860 
2913 
2327 
©0000 
2794 
2685 
2915 


0000 


JSTH 


0000 
3730 
3564 
3498 
3385 
0000 
2428 
2516 
e000 
2592 
2580 
2103 
e000 
3022 
2152 
2017 
2146 
0000 
1822 
2148 
2787 


2738 


3056 
2740 
3351 
3757 
4592 
3633 
3636 
3524 
3513 
3470 
3450 
35865 
3333 
3158 
e000 
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0000 
9000 
0000 
2970 
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3035 
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LOCATION 


9 37N 2E 
23 37N 2E 
26 37N 2E 
35 37N 2E 
2 37NT TE 
4 37N 1W 
14 37N 2W 
6 37N 3W 
3 37N 4W 
S 37N 4W 
17 37N 4W 
18 37N 4W 
10 37N SW 
11 37N SW 
35 37N SW 
11 37N 6W 
26 37N 6W 
16 37N 7W 
8 37N 8W 
9 1 1wW4 
1 3wW4 


1 4w4 


16 20 1 5Sw4 


7°14 


Unedeh 


5 17 


1 BW4 


8 1 7W4 


1 BW4 


11 22 1 8W4 


6 28 


7 28 


vats 


UT es 


6 23 


6 35 


6 36 


7 18 


An 2a at 


10 1 


4 2 


793 


8 18 


10 22 1 


1 8W4 


1 8wa 


1 SWw4 


Ss 1 SW4 


1 10W4 


1 10W4 


1 10W4 


1 = 11W4 


1° #11W4 


1 12W4 


1 13W4 


1 14W4 


15W4 


1 16W4 


1 16W4 


1 16W4 


1 16W4 


16W4 


KB 


3847 
3711 
3740 
37583 
4016 
3586 
33893 
3523 
3600 
3704 
3905 
3736 
3733 
3733 
3845 
4147 
4114 
423930 
3998 
2846 
2871 


2918 


3188 
3278 
3462 
3529 
3395 
3382 
3404 
3816 
3408 
3325 
3281 
3280 
3723 
3215 
3531 
3530 
3466 
3416 
3506 
3513 
3556 
3555 


3596 


KFS 


1446 


1533 


1S$26 


0000 


954 


1425 


1057 


1340 


0000 


0000 


0000 


0000 


0000 


1550 


1452 


2265 


2000 


2524 


3073 


2495 


2381 


2208 


2208 


2316 


2323 


1948 


2188 


2120 


2136 


1751 


2010 


1980 


1796 


1882 


1876 


1460 


1444 


1564 


1365 


1354 


1365 


1332 


1432 


1510 


1574 


GLAD 


2456 
2592 
2528 
2435 
1924 
2382 
2047 
2345 
2428 
2520 
2746 
2592 
0000 
2537 
2466 
3083 
3010 
3617 
42145 
3424 
3406 


3143 


3166 
3261 
3256 
2861 
3070 
2984 
3010 
2690 
2900 
2990 
2773 
2778 
2909 
2495 
2428 
2580E 
2372 
2334 
2346 
2326 
2456 
2485 


2557 


CUTB 


2508E 
2627E 
2618E 
2503E 
1952E 
2437E 
20S59E 
2Z384E 
2522 
2633 
2834 
2732 
2687 
2653 
2545 
3228 
3132 
3730 
4274 
3440E 
3429E 


3182E 


3208E 
3302E 
3327E 
2902E 
3148E 
3O68E 
3103E 
2712E 
2964E 
3OOOE 
2775E 
2802E 
3O1T7E 
2590E 
2453E 
2580E 
2444E 
2442E 
2452E 
2396 

2510 

2622 


2674 


235 


SRS 


2508E 


2627 


2618 


2503 


1852 


2437 


2075 


2418 


2573E 


2698E 


2922E 


2 Ve 


2773E 


2710E 


2622E 


3280E 


3S187E 


3767E 


4310E 


3440 


3429 


3182 


3208 


3302 


3327 


2902 


3148 


3068 


3103 


2712 


2964 


3000 


2775 


2802 


SO1T7E 


2590E 


2453 


2580 


2444 


2442E 


2452E 


2406E 


2566E 


2656E 


2694E 


ss 


2508 
2652 
2650 
2518 
1982 
2533 
2172E 
2452E 
2573E 
26S98E 
2922E 
2771E 
2773E 
2710E 
2622E 
3280E 
3187E 
3767 
4310 
3468 
3510 


3240 


3256 
3380 
3383E 
2976 
3213 
3135 
3161 
2773 
0000 
3054 
28368 
2868 
3O17E 
2590E 
2498 
0000 
2481E 
2442 
2452E 
2406 
2566E 
26S6E 


2694E 


JR 


2542 
2669 
2669 
2537 
2013 
2550 
are 
2452 
2573 
26398 
2922 
2771 
2773 
2710 
2622 
3280 
3187 
3775 
4325 
3562 
3551 


3290 


3311 
3408 
3383 
2982 
3222 
3150 
3174 
2791 
3063 
3071 
2863 
2885 
3017 
2590 
2524 
0000 
2491 
2473 
2452 
2420 
2566 
2656 


2694 


JSTH 


2690 
0000 
©0000 
e000 
2138 
2668 
2258 
2528 
0000 
e000 
0000 
2811 
e000 
2755 
2672 
3346 
3258 
3863 
4422 
3731 
3734 


3456 


3474 
3581 
35568 
3162 
3400 
3303 
0000 
2952 
3195 
3233 
3001 
e000 
3146 
2708 
2636 
0000 
2570 
2560 
2525 
2500 
2597 
26898 
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LOCATION 


3°33 1 #16W4 
1O 1°14 #17W4 
24 1 = 17W4 
16 16 1 #17W4 
6 36 1 17W4 
11 5 1 18wW4 
3.919 1 #18W4 
10 21 1 18W4 
14 33 1 19W4 
11°10 1 20W4 
1 35 1 20w4 
10 8 2 1W4 

8 25 2 1W4 
10 20 2 2W4 
11° 7 2 3Ww4 
10 31 2 3W4 
11 15 2 SW4 
10 27 2 SW64 
6 7 2 6BW4 
11°32 2 6W4 
10 34 2 7W4 


7 29 2 8W4 


14 25 2 10W4 
11 34 2 12W4 
10 29 2 13W4 
26 2 15Ww4 
710 2 15W4 
6 28 2 16W4 
79 2 17W4 
12 36 2 18W4 
13°93 2 19W4 
10 17 3 1W4 
15 22 3 3W4 
12 9 3 4Ww4 
11 3 3 Sw4 
13 20 3 5Ww4 
6 15 3 6W4 
10 20 3 7W4 
10 28 3 7W4 
11 4 3 8W4 
7 17 3 8W4 
§$ 22 3 8wW4 


6 11 3 SW4 


KB 


3475 


3640 


3803 


3915 


3664 


4113 


3912 


3gs5 


3881 


3939 


3915 


2912 


2837 


2964 


2995 


3223 


3110 


3060 


3214 


3282 


3060 


3002 


2850 


2947 


2891 


3148 


3128 


3433 


3361 


3468 


3700 


3856 


3947 


3251 


3175 


3270 


3082 


3171 


2994 


2930 


2324 


2998 


2395 


2967 


2943 


KFS 


1526 
1567 
1596 
1826 
e000 
2190 
2140 
Zatti 
2390 
2445 
2673 
2570 
2455 
2501 
2384 
2622 
2288 
2260 
2208S 
2337 
2050 


1886 


1694 
1750 
1618 
1678 
1505 
0000 
1483 
1753 
1844 
2220 
2450 
2890 
2652 
2600 
2317 
2385 
2115 
1817 
1960 
1810 
1880 
1883 


1780 


GLAD 


©o000 
2535 
2636 
2852 
2765 
3199 
3165 
3214 
3419 
3556 
3750 
3503 
3397E 
3450 
3327 
3487 
3169 
3124 
3134 
3280 
2967 


2740 


2572 
2637 
2553 
2677 
2500 
2557 
2467 
2750 
2851 
3244 
3482 
3836 
3574 
3478 
3174 
3292 
3058 
2836 
2877 
2758 
2762 
0000 


2676 


296 


CUTB 


2616 
2684 
2755 
2976 
2853 
3298 
3280 
3314 
3502 
3636 
3855 
3512E 
33S7E 
3460E 
3353E 
3561E 
3239E 
3203E 
3182E 
3320E 
3OOSE 


2798E 


2612E 
2720E 
2563E 
2732E 
2560E 
2630E 
2556E 
2774 

2953 

3336 

3554 

3852E 
3594E 
3524E 
3218E 
3353E 
3082E 
2892E 
2817E 
2BO08E 
2818E 
QOOOE 


Z747E 


SRS 


2627E 
2718E 
2808E 
3O12E 
2333E 
3325 
Z316E 
3380E 
35S8E 
3674E 
3882E 
3512 
3337 
3460 
3353 
3561 
3239 
3203 
3182 
3320 
3005 


2798 


2612 
2720 
2563 
2732E 
2560E 
2630 
2566 
2796 
3012E 
3364E 
3620E 
3852 
2594 
3524 
3218 
3353 
3032 
2892 
2917 
2808 
2818 
0000 


2747 


ss 


2627E 
2718E 
2808E 
3O12E 
2933E 
3347E 
3316E 
3380E 
3558E 
3674 
3882E 
3538 
3450 
3509 
33390 
3610 
3320 
3246 
3248 
3380 
3OS98E 


2891E 


26S3E 
2756 
2618 
2732E 
2560 
2643E 
2571E 
2829E 
3012E 
3364E 
3620E 
3873 
3635 
3580 
3342E 
3387 
3140 
29333 
23970 
2868 
2874 
291S9E 


2768 


JR 


2627 
2718 
2808 
3012 
2333 
3347 
3316 
3380 
3558 
3686 
3882 
3603 
3522 
3550 
3437 
3649 
3337 
3283 
3266 
3390 
3098 


2891 


2693 
2770 
2635 
2732 
2583 
2643 
2571 
2829 
3012 
3364 
3620 
3827 
3669 
3625 
3342 
3400 
3165 
2356 
2389 
2882 
28393 
2919 


2784 


JSTH 


2694 


2757 


2850 


3048 


2962 


3418 


3395 


3434 


3641 


37392 


39392 


3772 


3689 


3714 


3602 


3802 


3484 


3429 


3449 


3554 


3271 


3035 


2840 


0000 


2768 


2842 


2669 


2717 


2652 


2912 


3050 


3422 


3703 


4093 


3834 


3780 


3484 


3553 


3342 


3135 


3171 


3035 


3046 


3065 
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LOCATION 


6 19 3 9W4 
7°27 3 #10W4 
6 24 3 12W4 
10 22 3 13W4 
7 26 3 14W4 
11°12 3 17W4 
1°13 3 17W4 
7 14 3 20W4 
14 2 4 2W4 
78 4 4wW4 

6 22 4 4W4 
10 30 4 4w4 
6 2 4 TW4 
76 4 TW4 

6 7 4 7W4 

10 7 4 7W4 

6 1 4 9w4 

10 8 & 9W4 
11 6 4 10W4 
6 19 4 10W4 
14 33 4 11W4 


14 21 4 13W4 


110 4 14W4 
12 7 4 15w4 
15 15 4 15w4 
12 36 4 15W4 
13.20 4 16W4 
16 13 4 17W4 
10 28 4 17W4 
5 30 4 18W4 
49 4 19W4 
10 12 4 20W4 
11°11 5 1W4 
3°12 5 3w4 

6 17 5 3w4 

5 31 5 3wW4 
10 3 5 4W4 
10 4 5 4w4 

4 32 5 4w4a 
14 32 5 4wW4 
2 14 5 5SW4 

7 15 S SWwa 

6 21 5 Sw4 

2 23 5 SW4 


8 28 5 SW4 


KB 


3013 
3098 
3263 
3024 
3082 
3496 
3456 
4225 
3256 
3390 
3184 
3197 
2826 
2819 
2875 
2851 
2379 
3041 
3130 
30390 
3046 


3056 


3066 
3179 
3161 
3101 
3362 
3325 
3298 
3448 
4127 
4113 
3353 
3615 
3683 
3839 
3493 
3385 
3641 
3759 
3427 
3337 
3194 
3376 


3249 


KFS 


1819 


1900 


1917 


1594 


1602 


1925 


1900 


3070 


2858 


2738 


2550 


2554 


19186 


1837 


1914 


1797 


1880 


1930 


1922 


1931 


1905 


1790 


1683 


1760 


1824 


1840 


2080 


2006 


2187 


2258 


3126 


3094 


3042 


3123 


3150 


3297 


2894 


2776 


3025 


3150 


2775 


2666 


2510 


2734 


2568 


GLAD 


2020 
2832 
2910 
2563 
2567 
29330 
2877 
4132 
3798E 
3662E 
3462 
347S5E 
2833 
2741 
2808 
2803 
2825 
2916 
2836 
2864 
2870 


2764 


2643 
2712 
2819 
2834 
3090 
3050 
3196 
3280 
4168 
4168 
4012E 
4072E 
4O074E 
4203E 
S7S7E 
37O04E 
3956 
40390 
3737E 
3632E 
3466E 
37O3E 


3511E 


237 


CUTB 


2758E 
Z29O00E 
2993E 
2619E 
2S590E 
2988 

2958 

4190 

3798E 
3662E 
3462E 
3475E 
2869E 
2788E 
28S4E 
2843E 
2856E 
2938E 
2902E 
2921E 
2960E 


2806E 


2690E 
2799E 
2828E 
2840E 
3170E 
30s5 

3283 

3336 

4231 

4213 

4012E 
4O072E 
4074E 
4203E 
37S97E 
3STOGE 
3988E 
4135E 
3737E 
3632E 
3466E 
37O3E 


S5S11E 


SRS 


2758 
2900E 
2993E 
2619E 
2590 
3O4SE 
3OO00E 
4213E 
3798E 
3662 
3462 
3475 
28693 
2788 
2854 
2843 
2856 
2938 
2902 
2221E 
2960E 


2806E 


2690 
2793 
2828 
2840 
3170E 
3108E 
3316E 
S391E 
4257E 
4236E 
4012E 
4072 
4074 
4203 
3797 
3704 
3988 
4135E 
3737 
3632 
3466 
3703 


3511 


ss 


279'2 
2900 
2S93E 
2619E 
2612 
S3O45E 
3OO00E 
4213 
3798 
3711 
3S80E 
3S72E 
2938 
2834 
2302 
2893 
2902 
2950 
2922 
2921 
2960E 


2806E 


2713 
2842 
2846 
2854 
3170E 
3108 
3316E 
33S1E 
4257 
4236E 
4012 
40398 
4150E 
4254 
3914E 
38OSE 
4010 
4135 
3765 
3656 
3514 
3753E 


3577 


JR 


2824 
2924 
2933 
2619 
2647 
3045 
3000 
4221 
3861 
3759 
3580 
3572 
2948 
2851 
2922 
2920 
29323 
2975 
2938 
2940 
2960 


2806 


2740 
2846 
2869 
2871 
3170 
3112 
3316 
3391 
4267 
4236 
4040 
4124 
4150 
4290 
3914 
3805 
4029 
4151 
3800 
3682 
3530 
3753 


3583 


JSTH 


2364 


3054 


3052 


2719 


2730 


3093 


3055 


4316 


4023 


3922 


3729 


3730 


3138 


3016 


SU 


0000 


3065 


3106 


3060 


3052 


3000 


2931 


2822 


2931 


2955 


2920 


3270 


3168 


3365 


3448 


4356 


4338 


4190 


42868 


4306 


4450 


4072 


3364 


4188 


4303 


oo00 


3846 


3688 


oo00 


3755 
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LOCATION 


16 28 5 Sw4 

16 28 5 5W4 
6 14 5 6W4 

6 29 5 6W4 

14°13 5 7W4 
6 10 5 8W4 

11 7 S swé 

11°12 5 SW4 
6 7 5 10W4 

11°14 5 10W4 
6 30 5 12W4 
16 21 5 13W4 
10 15 5 14W4 
11 23 5 14W4 
3°17 5 15wWw4 
11°21 5 15w4a 
13°10 5S 16W4 
15 30 5 16W4 
4 24 5 17W4 
6 30 5 17W4 
2 36 5 17W4 


6 5 S 18W4 


16 29 S 18W4 
6 15 6 1W4 

6 14 6 2W4 

5 28 6 4W4 
11°17 6 SW4 
8 8 6 6W4 
112 6 7W4 
13 5 6 7W4 

6 23 6 7TW4 

6 31 6 BW4 

7 6 6 SWS 

6 6 6 10W4 

6 10 6 10W4 
6 13 6 11W4 
7 31 6 12W4 
10 § 6 13W4 
6 33 6 13W4 
4 32 6 14W4 
15 6 15W4 
14 24 6 15W4 
15 36 6 15W4 
6 7 6 16W4 


10 10 6 16W4 


KB 


3265 
31392 
3005 
2929 
2886 
2829 
3001 
2883 
3006 
3018 
3077 
3058 
2988 
2977 
3127 
3102 
3194 
3123 
3171 
3234 
3134 


3380 


3250 
3736 
3627 
3682 
3427 
3085 
2876 
2851 
2978 
2848 
29334 
3022 
2956 
3033 
2884 
3055 
2967 
3006 
2360 
3068 
3020 
3157 


3088 


KFS 


2583 
2489 
2260 
2182 
2087 
1901 
1993 
1922 
1950 
2012 
2001 
1978 
1850 
1913 
1941 
1860 
2020 
2040 
2120 
2237 
2028 


2248 


2375 
3391 
3223 
3121 
2762 
2366 
2113 
2023 
2224 
1980 
2047 
2046 
2054 
2071 
1960 
2027 
2065 
20399 
1850 
2090 
2090 
2136 


2070 


GLAD 


3614E 
3428E 
3122 
3058 
2972 
2822 
2953 
2888 
2920 
2965 
2944 
2887 
2782 
2839 
2892 
2878 
3034 
3058 
3054 
3280 
3084 


3313 


3370 
4318E 
4139E 
4012E 
3639 
3230 
3110E 
2955 
318SE 
3026 
3034 
3015 
3022 
3045 
2820 
2928 
2954 
3088 
0000 
3O81E 
3O8OE 
3173 


30S0 


298 


CUTB 


3614E 
3428E 
S2O07E 
3110E 
302S5E 
2882E 
3OOOE 
2910E 
3O18E 
SO1IT7TE 
3OOZ2E 
282S5E 
2869E 
2914E 
2S362E 
29367E 
SO84E 
3109E 
3126 

3305 

3120 


3340 


3454 

S318E 
4139E 
4012E 
3695E 
3232E 
3110E 
2988E 
31989E 
SO84E 
3OS3E 
3100E 
3100E 
3115E 
2893E 
2970E 
3O35E 
3103E 
2854E 
SO8I1E 
3O80E 
3204 


3138 


SRS 


3614E 
34268 
3207 
3110 
3025 
2882 
3OOOE 
2910 
3O18E 
SO1TE 
3OO2E 
2925 
2869E 
2914 
2962 
2967E 
3O84E 
310SE 
3153E 
S381E 
3160E 


3381E 


3S01E 
4318E 
4139E 
4012 

3695 

3282 

3110E 
2988 

319S8E 
3O84E 
3OS3E 
3100E 
SIOOE 
311SE 
2833 

2970 

303SE 
3103E 
28S54E 
3O8i1E 
3O80E 
3240E 


3178E 


ss 


3614 
3490 
3271E 
3176E 
3O8S5E 
2900 
3000 
2930 
3O018E 
3017 
3002 
2974 
28698 
2928 
2982 
2967 
3084 
3109E 
3153E 
3381E 
3160E 


3381E 


SS501E 
4318 
4139 
4082 
3713 
3331E 
3110E 
3OO0E 
31998 
3O84E 
S3OS3E 
3100E 
3100E 
3115E 
0000 
2998 
3O035E 
3103E 
2854 
3O81E 
3SO8O0E 
3240E 


3178E 


JR 


3628 
3506 
3271 
3176 
30865 
2916 
3016 
2956 
3018 
3031 
3013 
2981 
2884 
2946 
3000 
2985 
3100 
3103 
2153 
3381 
3160 


3381 


3501 
4350 
4183 
4106 
3747 
3331 
3110 
3000 
3215 
3084 
3083 
3100 
3100 
3115 
0000 
3016 
3035 
3103 
2858 
3081 
3080 
3240 


3178 


JSTH 


32770 
3664 
3408 
3330 
3242 
3100 
3125 
3082 
3048 
3154 
3086 
3073 
2370 
3032 
3091 
3078 
3187 
3182 
3199 
3442 
0000 


3470 


3610 
4528 
4344 
4232 
3320 
3483 
3238 
3163 
3358 
3155 
3165 
3137 
3153 
3153 
e000 
3108 
3100 
3185 
2955 
3175 
3170 
3300 


3216 
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LOCATION 


11 24 6 16W4 
13°13 6 17W4 
6 16 6 17W4 
68 35 6 17W4 
10 11 6 18W4 
10 35 6 19W4 
7°16 6 20W4 
6 18 7 1W4 

6 23 7 3wW4 
12 32 7 4w4 
7 6 7 SW4 

6 4 7 BW4 

6 29 7 7W4 
10 4 7 BW4 
10 22 7 9W4 
6 11 7 10W4 
6 33 7 10W4 
2 6 7 11W4 
11°97 7 #+12Ww4 
§ 15 7 12W4 
$9 23 7 12W4 


10 10 7 13W4 


16 13 7 13Ww4 
2 15 7 13Ww4 
6 1 7 14W4 
4 15 7 14W4 
15 17 7 14W4 
15 20 7 14W4 
3°27 7 #+»14W4 
4 29 7 14W4 
130 7 14W4 
11°10 7 15Ww4 
11°14 7 15W4 
10 24 7 15W4 
4 30 7 15W4 
4 36 7 15w4 
10 2 7 16W4 
6 4 7 16W4 
10 7 7 #16W4 
79 7 16W4 
10 13 7 16W4 
10 15 7 16Ww4 
8 19 7 16W4 
7 28 7 #16W4 


11 35 7 16W4 


KB 


3096 
2958 
3080 
3127 
3206 
3110 
3132 
4428 
4207 
3690 
3521 
3353 
2835 
2788 
2786 
2807 
2834 
2860 
2891 
2842 
2825 


29322 


2865 
2914 
2925 
2811 
2686 
2897 
2874 
2330 
2926 
3071 
29390 
2958 
2812 
29398 
3098 
3102 
3100 
3096 
3047 
3060 
3083 
2994 


2969 


KFS 


Ye 


1968 


2260 


2187 


2305 


2376 


2600 


3991 


3758 


3151 


2885 


2690 


2140 


2034 


2024 


2001 


2038 


1946 


1992 


1943 


1956 


2058 


19865 


2050 


2042 


1968 


1838 


2070 


2088 


2100 


2039 


2160 


2123 


2120 


1944 


2115 


2201 


2210 


2248 


2212 


2156 


2206 


2222 


2164 


2160 


GLAD 


3120 


3017 


3305 


3233 


3356 


3414 


3670 


4928E 


4632E 


4002E 


3S7S0E 


3629E 


3108 


2933 


ooo00 


2944 


2966 


2885 


2865 


2800 


2810 


2995 


2810 


29390 


3O32E 


2960E 


28S5SE 


3056 


3050 


3080 


3071 


S161E 


311SE 


310S9E 


2970 


3104 


3235 


3235 


3210 


3185 


3182 


3194 


3225 


3177 


3150 


298 


CUTB 


3206E 


3074 


3350 


3278 


3377 


3447 


3740 


4928E 


4632E 


4002E 


3790E 


3629E 


3176E 


3OSEE 


3O74E 


SO2Z1E 


3O032E 


29328E 


2936E 


2872E 


Z2894E 


SO27E 


2930E 


3O20E 


3O032E 


2960E 


28S5E 


SO84E 


3060 


3100 


3092 


3161E 


311S5E 


3109E 


2980 


3128 


3255 


3318E 


3270 


3284E 


3200 


3270E 


3261 


3203 


3206 


SRS 


3206E 
3OSSE 
33E7E 
S306E 
3460E 
3526E 
S3771E 
4928 

4632 

4002 

3790 

3629E 
3176E 
SOS6E 
3O74E 
SO2Z1E 
3032E 
2928E 
2336E 
2872E 
2894E 


3O27E 


2S30E 
3O20E 
3O32E 
2960E 
2855E 
3SO84E 
3O76E 
3133E 
3126E 
S1I6G1E 
3115E 
3103SE 
SO44E 
3S160E 
3304E 
3318E 
3302E 
3284E 
32S51E 
3270E 
3300E 
3232E 


3218E 


ss 


3206E 
SOSS5E 
3387E 
3306E 
3460E 
3526E 
3771E 
4962E 
4704 

4057 

3842E 
3629 

3176E 
3OS6E 
SO74E 
SO21E 
3O32E 
2928E 
2936 

2872 

2894 


3O27E 


2E30E 
3O20E 
3O32E 
2960E 
28SSE 
3O84E 
3O76E 
3133E 
3126E 
3161E 
311S5E 
3109E 
3O44E 
3160E 
S3304E 
3318E 
3302E 
3284E 
3251E 
3270E 
3300E 
3232E 


3218E 


JR 


2930 
3020 
3032 
2960 
2855 
3084 
3076 
3133 
3126 
3161 
3115 
3109 
3044 
3160 
3304 
3318 
3302 
3284 
3251 
3270 
3309 
3232 


3218 


JSTH 


3284 
31283 
3424 
3350 
3525 
3600 
3915 
5115 
4873 
4241 
3995 
3778 
3206 
3118 
3114 
3095 
3098 
2391 
305¢ 
23390 
2932 


3100 


3030 
3080 
3098 
3030 
2912 
0000 
3150 
3172 
0000 
3236 
3188 
3185 
3060 
0000 
3320 
3349 
3356 
3332 
3262 
3318 
3340 
3278 


3238 
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LOCATION 


10 2 7 17W4 
9 16 7 17W4 
7°18 7 #17W4 
14 36 7 17W4 
11° 2 7 #18w4 
14 2 8 2W4 

5 36 8 3W4 

6 1 8 4W4 

10 21 8 SwW4 
11 5 8 BW4 
14 34 8 7W4 
10 29 8 10W4 
1 $16 8 11W4 
6 22 8 12W4 
43 8 14W4a 
25 8 14w4 

6 6 & 14W4 

7 28 8 14W4 
10 30 & 14W4 
16 34 8 14W4 
10 6 8 15W4 


6 7 & 15W4 


14 9 8 15W4 
6 19 8 15Ww4 
6 21 8 15W4 
11 5 8 16W4 
12 20 8 16W4 
2 21 8 16W4 
10 23 8 16W4 
11 29 8 16Ww4 
8 32 8 16W4 
15 32 8 16W4 
13°33 8 16W4 
2 36 8 16W4 
11°14 8 17W4 
7°33 8 17W4 
11°18 8 19W4 
4 5 8 20W4 
10 11 8 1W4 
7°15 9 2wW4 
10 15 8 3W4 
11°29 8 4wW4 
11 20 9 7W4 
11 24 3 8W4 


13 5 8 SW4 


KB 


3121 
3123 
3132 
30293 
3137 
4664 
4040 
3732 
3721 
3201 
3030 
2784 
2765 
2737 
2901 
2904 
2930 
2852 
2866 
27395 
2962 


2928 


2896 
2853 
2847 
2370 
2881 
2305 
2875 
2842 
2814 
3181 
2791 
2784 
2995 
2869 
3029 
3039 
3492 
3878 
3779 
3408 
2804 
2548 


2780 


KFS 


2217 
2356 
2439 
2224 
2427 
4332 
3648 
3234 
3181 
2590 
2425 
2044 
1987 
1966 
2144 
2134 
2151 
2162 
2178 
2088 
2157 


2146 


2134 
2136 
2133 
2174 
2148 
2160 
2155 
2136 
2111 
2105 
Ze 
2084 
2200 
2231 
2605 
2682 
3240 
3538 
3411 
2334 
2218 
1827 


2100 


GLAD 


3255 
3287 
3466 
3230 
3452 
5248E 
4478E 
4051 
4064E 
3522E 
3390E 
3012E 
e000 
2868 
3123E 
3110E 
3144E 
31I61E 
SUPE 
3078E 
3182 


3156 


3119 
3124 
3175E 
3145 
3136 
3165 
3123 
3114 
3090 
3053 
3088 
3088 
3220E 
3217 
3651 
3750 
4098E 
4361E 
4240E 
3776E 
3183E 
2867 


3105E 


300 


CUTB 


3270 


3325 


3515 


3274 


3486 


S248E 


4478E 


4O99E 


4064E 


3522E 


3390E 


3012E 


293SE 


2916E 


3123E 


3110E 


3144E 


3161E 


3172E 


3O78E 


3205 


3174 


3140 


3165 


3175E 


3132 


3166 


3186 


31768 


3156 


3128 


3103 


3125 


3160 


3220 


3240 


3690 


3803 


4098E 


4361E 


4240E 


3776E 


3183E 


2916E 


310SE 


SRS 


3352E 
3422E 
35S5S9E 
3314E 
35S50E 
5248 

4478 

4039 

4064 

3522E 
S3390E 
3O12E 
2935E 
2916E 
3123E 
3110€ 
3144E 
31I61E 
SI72E 
3O78E 
32239E 


3213E 


3200E 
3176E 
3175E 
3206E 
3203E 
31S92E 
3180E 
3200E 
3164E 
3164E 
3151E 
3172E 
3263E 
3304E 
372SE 
3821E 
4098 

4361 

4240 

3776 

3183E 
2916E 


3105E 


ss 


3352E 
3422E 
3559E 
3314E 
3S550E 
S281E 
4549 

4176 

4108E 
3522E 
3390E 
3012E 
2S35E 
2916E 
3123E 
S110E 
3144E 
S1I61E 
3172E 
3O78E 
3229E 


3213E 


3200E 
3176E 
S175E 
3206E 
3203E 
3182E 
3190E 
3200E 
S164E 
3164E 
S1I51E 
3172E 
3263E 
3304E 
372SE 
3821E 
4131 

4440E 
4302E 
3814 

3183E 
2916E 


310SE 


JR 


3352 
3422 
35593 
3314 
35£0 
5281 
4566 
4186 
4108 
3522 
3390 
3012 
2935 
2916 
3123 
3110 
3144 
3161 
3172 
3078 
3223 


3213 


3200 
3176 
3175 
3206 
3203 
3192 
3190 
3200 
3164 
3164 
3151 
3172E 
3263E 
3304 
3725 
3821 
4143 
4440 
4302 
3827 
3183 
2916 


3105 


JSTH 


3374 


3453 


3608 


3358 


3615 


5441 


4700 


4337 


4250 


3656 


3483 


3058 


3010 


3001 


3182 


3180 


3222 


3227 


3230 


3150 


3242 


3218 


3212 


3187 


3222 


3278 


3249 


3245 


3213 


3233 


3200 


oo00 


0000 


3172 


3263 


3337 


3814 


3954 


42993 


4594 


4445 


3834 


3232 


2941 


3125 
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LOCATION 


6 7 3 10W4 

1 36 9 13W4 
7 13 8 #14W4 
10 4 9 15W4 
4 49 16W4 
15 9 16W4 
16 6 9 16W4 
6 14 89 16W4 
4 19 9 16W4 
4 32 3 16W4 
8 26 8S 17wW4 
14 31 9 17W4 
7 1¢ 9 18W4 
11 27 3 18wW4 
10 30 S$ 19W4 
4 8 3 20W4 
10 11 10 2W4 
7°14 10 4w4 
10 27 106 SWS 
10 36 10 SW4 
4 3 10 6W4 


10 4 10 7Wwa 


4 16 10 9W4 
15 3 10 10W4 
3.5 10 10W4 

6 15 10 11W4 
13 22 10 12w4 
10 34 10 12W4 
6 17 10 13W4 
6 25 10 13W4 
11 5 10 14W4 
8 26 10 15Ww4 
6 25 10 16W4 
4 27 10 16W4 
6 13 10 17W4 
10 7 10 18W4 
10 14 10 19W4 
10 32 10 19W4 
10 28 10 20W4 
12 36 11 1W4 
12,11 11 «@wW4 
7 2°11 «SW4 

11 22 11 8W4 


10 12 11 10W4 


KB 


2796 


2673 


2742 


2812 


2762 


2764 


2747 


2712 


2753 


2688 


2733 


2721 


2838 


2733 


2820 


2924 


3230 


3242 


2864 


2302 


2935 


2645 


2788 


2851 


2848 


2682 


2583 


2617 


2623 


2622 


2661 


2613 


2533 


2620 


2663 


2785 


2800 


2818 


2854 


2478 


2830 


2776 


2736 


2764 


2475 


KFS 


2096 
2037 
2079 
2150 
2082 
2098 
2075 
2083 
2130 
2124 
2196 
2228 
2225 
2277 
2530 
2675 
2990 
2868 
2390 
2448 
2405 


2084 


2173 
2217 
2222 
2045 
1991 
2030 
2038 
2040 
2088 
2080 
2096 
2178 
2176 
2392 
2435 
25493 
2692 
2249 
2431 
2314 
2210 
2210 


1964 


GLAD 


3005 
2941E 
3O70E 
3138 
3050 
32054 
©0000 
©0000 
3132 
3080 
3187 
3226 
3244 
3267 
3563 
32760 
3781E 
3710E 
3153E 
3227E 
3313 


30S5 


3081 
3077E 
3122E 
237S5E 
2950E 
2S976E 
2963E 
2973E 
3O80E 
SO84E 
3131E 
3183 
3179 
3403 
3479 
3580 
3699 
3O39E 
EEEE 
3O86E 
3112 
3147 


2904 


301 


CUTB 


SO74E 
2941E 
3O7OE 
3173 
3100 
3112 
3103 
3145 
3184 
3145 
3220 
3263 
3283 
3303 
3628 
3819 
3S781E 
S710E 
S1S3E 
3227E 
S3368E 


SOSSE 


3120E 
3077E 
3122E 
2975E 
29350E 
2976E 
2963E 
2973E 
3O80E 
3O84E 
3131E 
3227 
3202 
3454 
3546 
3632 
3737 
3O39E 
EEGE 
3O86E 
3149E 
3183E 


29S1E 


SRS 


3O74E 


2S941E 


SOT7OE 


3220 


3124E 


3150E 


3156E 


EEEE 


3212E 


EEEE 


3270E 


3306E 


EEEE 


3362E 


364SE 


3839E 


3781 


3710 


3153 


3227 


3368E 


3OSSE 


3120E 


SO77E 


3122E 


2S7SE 


2950E 


2976E 


2963E 


2973E 


3O80E 


3O84E 


S131E 


3249E 


3296E 


3490E 


3580E 


36S50E 


3762E 


3038 


0000 


3086 


314S9E 


3183E 


2951E 


ss 


SO74E 
2S41E 
3O70E 
3220E 
3124E 
31S0E 
3158E 
EEEE 

3212E 
EEEE 

3270E 
3306E 
EEEE 

3362E 
S3645E 
3839E 
3848 

3730E 
3222E 
3272E 
3368E 


3OSSE 


3120E 
SOTTE 
3122E 
2975E 
29S0E 
2976E 
2963E 
2973E 
3O8OE 
3O84E 
3131E 
3249E 
3296E 
3490E 
3580E 
3650E 
3762E 
3080 

0000 

3114E 
3149E 
3183E 


2951E 


JR 


3974 
2941 
3070 
3220E 
3124 
3150 
3158 
EERSE 
3212 
foTot ele) 
3270 
3306 
0000 
3362 
3645 
3839 
3871 
3730 
3222 
3272 
3368 


3055 


3120 
3077 
3122 
29 7SE 
2950E 
2S76E 
2863 
2973 
3080 
3084 
3131 
3249 
3296E 
3490 
3580 
3650 
3762 
3101 
3250 
3114 
3149 
3183 


2851E 


JSTH 


3102 
2976 
3148 
3220 
3165 
0000 
3179 
0000 
3241 
06000 
3282 
3325 
0000 
3390 
3712 
3917 
3394 
3844 
3341 
3396 
3388 


3107 


3142 
3107 
3143 
2975 
2850 
2976 
22884 
2998 
3114 
3110 
3183 
3257 
3296 
3520 
3537 
3700 
3854 
32398 
3370 
3222 
3158 
3200 


2951 
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LOCATION 


12, 13 11 #13W4 
14 29 11 13W4 
6 27 11 148W4 
5 36 11 14W4 
6 18 11 15w4 
6 32 11 15w4 
7°15 11 #16W4 
6 14 11 17W4 

6 10 11 18W4 
10 30 11 18W4 
11°10 11 19W4 
10 22 11 20W4 
7 28 12 2W4 

6 29 12 3W4 

11 6 12 SW4 

10 18 12 10W4 
8 5 12 12W4 

12°14 12 12W4 
6 5 12 13W4 

6 11 12 13W4 
7 30 12 13W4 


13°11 12 14Ww4 


7°14 12 14W4 
16 33 12 14Ww4 
10 14 12 15w4 
13 24 12 15w4a 
4 29 12 16Ww4a 
12 21 12 18W4 
3°20 12 19W4 
7 28 12 20W4 
11°31 13 1W4 
10 11 13 4w4a 
16 30 13 7TW4 
16 26 13 9W4 
3°27 :°13 SW4 

10 21 13 11W4 
10 4 13 13W4 
4 8 13 13W4 

4 20 13 13W4 
16 28 13 14W4 
6 21 13 16Ww4 
3°34 13 17W4 
7° 18 13 18W4 
7 15 13 19W4 


6 10 14 7W4 


KB 


2563 
2465 
2556 
2504 
2573 
2575 
2584 
2632 
2815 
2807 
2793 
2882 
2687 
2573 
2725 
2515 
2453 
2488 
2452 
2444 
2539 


25665 


2561 
2605 
2657 
2623 
2583 
2728 
2795 
2786 
2414 
2486 
2570 
2579 
2530 
2464 
25932 
2618 
2596 
2580 
2575 
2638 
2754 
2715 


2593 


KFS 


2036 


1969 


2096 


2015 


2157 


2172 


2164 


2249 


2469 


2578 


2469 


2774 


2394 


2218 


2215 


2007 


1966 


1938 


19860 


1978 


2106 


2107 


2095 


2227 


2258 


2230 


2263 


2535 


2702 


2312 


2167 


2105 


2134 


2180 


2120 


2042 


2195 


2183S 


2206 


2200 


2282 


2402 


2708 


2686 


2190 


GLAD 


3003 
2905 
0000 
2945 
0000 
0000 
3201 
3253 
3490 
3533 
3489 
3766 
3209E 
2958E 
3162 
23965 
2338 
o°000 
29480E 
2923 
3O24E 


2933E 


30O10E 
3213E 
e000 
e000 
3208 
3528 
3688 
3862 
2980E 
2910E 
2932 
3060 
3007 
2920E 
3138 
3115E 
3125 
3076 
3251 
3290 
3684 
3663 


3000 


302 


CUTB 


3086E 


2986E 


e000 


2992E 


9000 


315S5E 


3251E 


3288 


3556 


3648 


3526 


3808 


3209E 


2958E 


318S5E 


2976E 


3C17E 


EEEE 


2940E 


2S66E 


3O24E 


29933E 


3O10E 


3213E 


3169 


3055 


3272 


3620 


3741 


3902 


2990E 


2910E 


2978E 


3160E 


3120E 


2920E 


3226E 


3115€ 


3181E 


3150E 


3396E 


3365E 


3798 


0000 


3052E 


SRS 


3O86E 
2986E 
EEEE 

2992E 
EEEE 

3155E 
32S51E 
3369E 
3593E 
SES4E 
3S63E 
3828E 
3209 

2958 

3185E 
2976E 
3O17E 
EEEE 

2940E 
2966E 
3O24E 


239S33E 


3O10E 
3213E 
3182E 
31IO7E 
3279E 
EEEE 

3761E 
3950E 
2990E 
2910 

2978E 
3160E 
3120E 
2920E 
3226E 
3115E 
31S91E 
31S0E 
3396E 
3365E 
383S9E 
EEEE 


3O52E 


ss 


3O86E 
2986E 
EEEE 

2992E 
EEEE 

3155E 
32S51E 
3369E 
3593E 
3E54E 
3563E 
3828E 
3230E 
30239E 
3185E 
2S876E 
SO1I7E 
EEEE 

2940E 
2966E 
3O24E 


2993E 


3O10E 
3213E 
3182E 
31IO7E 
3279E 
EEEE 

3761E 
39S0E 
29930E 
2950E 
2978E 
3160E 
3120E 
2920E 
3226E 
3115E 
31iS1E 
3150E 
3396E 
3365E 
3839E 
EEEE 


3052E 


JR 


SO86E 
2986 
EEEE 
29332 
EEEE 
S1S5S5E 
3251E 
3369E 
3593 
3654 
3563 
3828 
3230 
3023 
318SE 
2976E 
3O17E 
EEEE 
2940E 
2S966E 
3JO24E 


2993 


3O10E 
3213E 
3182E 
31O7E 
3279E 
oo0°0 
37671 
3950 
2390 
2950 
2978E 
3160E 
3120E 
2920E 
3226E 
3115€E 
3191E 
3150E 
3396E 
3365 
3839E 
e000 


3OS2E 


JSTH 


3086 
2930 
©0000 
2996 
©0000 
3155 
3251 
3369 
3600 
3665 
3596 
3835 
3330 
3152 
31858 
2976 
3017 
e000 
2940 
2966 
3024 


3015 


3010 
3213 
3182 
3107 
3279 
ooco 
3782 
3370 
3083 
3035 
2978 
3160 
3120 
2920 
3226 
3115 
3191 
3150 
3396 
3383 
3839 
0000 


3052 
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LOCATION 


6 22 14 8w4a 
3°10 14 9W4 
7 29 14 10W4 
7 14 14 11W4 
4 34 14 13W4 
10 11 14 14W4 
4 36 14 14w4& 
7°18 14 15W4 
7 14 14 16W4 
11°17: 14 18W4 
14°16 14 19W4 
10 24 14 19W4 
2 22 15 1W4 
10 30 15 2W4 
3°17: °15 3w4 
11 5 15 6W4 
12 10 18 10W4 
16 3 15 11W4 
7°25 16 3W4 


11 20 16 4W4 


KB 


2461 


2541 


2481 


2521 


2460 


2487 


2480 


2495 


2504 


2678 


2729 


2678 


2681 


2624 


2519 


2500 


2471 


2442 


2708 


2460 


KFS 


2110 
2173 
2096 
2147 
2200 
2144 
2204 
2228 
2246 
2696 
2838 
2738 
2465 
2360 
2304 
2192 
2100 
2078 
2456 


2164 


GLAD 


2983 


3050 


2968 


2998 


3143 


3090 


3159 


3102 


3132 


3650 


3775 


3758 


S350E 


3117 


3056 


oooo 


3015 


2950 


e000 


9000 


303 


CUTB 


3112E 
S1S3E 
3102E 
308S5E 
32S2E 
3S144E 
EEEE 

3187E 
3218E 
S768E 
3910E 
SESE 

3350E 
3146E 
3105E 
3170E 
3118E 
3O02S5E 
3227E 


EEEE 


SRS 


3112E 


3153E 


3102E 


3085E 


3252E 


3144E 


EEEE 


3187E 


3218E 


3S768E 


3S10E 


EEEE 


3350E 


3146E 


3105E 


3170E 


3118E 


3O25E 


3227E 


EEEE 


ss 


3112E 


3153E 


3102E 


3085E 


3252E 


3144E 


EEEE 


3187E 


3218E 


3768E 


3S10E 


EEEE 


33S0E 


3146E 


3105E 


3170E 


3118E 


3O2SE 


3227E 


EEEE 


JR 


3112E 


3153€E 


3102E 


3O8SE 


3252E 


3144E 


0000 


3187E 


3218E 


3S768E 


39 10E 


0000 


3350 


3146 


3105 


31TOE 


3118E 


302SE 


3227E 


0000 


JSTH 


3112 


3153 


3102 


3085 


3252 


3144 


e000 


3187 


3218 


3768 


39310 


0000 


3408 
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